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CHILD  (MRS.)— BIOGRAPHIES  OF  GOOD  WIVES. 

By  the  Author  of  the  Mother's  Book.    Foolscap  8vo,  4s.  cloth,  richly  gilt. 

CHRISTISON.— AGRICULTURAL  TABLES, 

For  Computing  the  Weight  of  Cattle,  Quantity  of  Hay,  &c..  Valuing  of  Land,  &c. 
&c.    By  JOHN  Christison.    Ninth  edition,  royal  18mo,  fti.  bound. 

CHRISTISON.— READY  RECKONER ; 

A  Manual  of  Reference  for  the  Merchant,  Tradesman,  and  Agriculturist.  By  John 
Christison.    Thirty-third  edition,  royal  18mo,  as.  6d.  bound. 

CHRONOLOGY. 

TABLES  OP  UNIVERSAL  CHRONOLOGY,  from  the  Eariiest  Period  to 
the  Present  Time;  so  arranged  as  to  show  the  Contemporaneous  Events  in  all 
Countries  at  one  View,  with  an  extensive  Alpluibetical  and  Classifiejd  Index. 
One Uiige  Volume,  crown  8vo,  closely  printed.    NaaHp ready.     .OOQIC 
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COLERIDGE.— A  TREATISE  ON  METHOD. 

I  Introdactoi^  Diaeertatioii  to  the  Encyclopedia  Metropolitana  on  the  Sciei 

I  MetixMlfWitn  a  Hynopus.  By  Bahubl  Tatlob  Colrridob.  Crown  8 vo,  2b. 

;  cox.— SACRED  HISTORY  AND  BIOGRAPHY, 


From  the  Antediluvian  Period  to  the  Time  of  the  Prophet  Malaclii.  Edited  by 
Rev.  P.  A.  Cox,  D.D.,  LL.D.    Crown  8vo,  Ob.  cloth. 

CRUDEN.— A  COMPLETE  CONCORDANCE 

To  the  Holy  Scriptures.  Condensed  and  Revised  from  the  laiver  Work  of  Cruden. 
By  the  Rev.  Professor  Eadie,  D.D.,  LL.D.    Thirteenth  edifion,  8vo,  Ss.  clotli. 

DARLING.— ELECTRO-BIOLOGY ; 

A  TresOise  on  Electro-Psychology,  or  the  Electrical  Science  of  Mind.  By  Rev. 
J.  R.  DoDS  and  Professor  T.  S.  Grimes.  New  edition.  Revised  and  Edited  by 
H.  Vt.  Darling,  M.D.,  M.A.,  foolscap  8vo,  cloth,  3b. 

DAVY.— AGRICULTURAL  CHEMISTRY. 

ELEMENTS  OF  AGRICULTURAL  CHEMISTRY.  By  Sir  H.  Davy, 
Bait,  P.R.S.,  &c.  New  edition,  thorouffhl^' Revised, by  John  Shier,  A.M.,  LL.D., 
A^cnitaral  Chemist  to  the  Colony  of  Bntish  Guiana.   Eni^ravings,  8vo,  6b.  cloth. 

D'AUBIGNE.— THE    HISTORY    OF    THE    REFORMATION 

IN  THE  SIXTEENTH  CENTURY.  By  J.  H.  Merle  D»Aubionk.  Trans- 
lated by  Walter  K.  Kelly,  B.A.,  Trinity  College,  Dublin.    Med.  8vo,  6b.  cloth. 

D'ORSEY.— SPELLING  BY  DICTATION; 

A  Series  of  Progressive  Exercises  in  English  Orthography,  Illustrated  by  1500 
Quotations.  By  Rev.  A.  J.  D.  D*Obssy,  High  School,  Glasgow.  Fourth  edition, 
l&ao.  Is.  cloth. 

EADIE.— A  BIBLICAL  CYCLOPAEDIA  ; 

Or,    IH 
Annals  i 


£ai>ix,  D.D..  LL.D.    With  Maps 
edition,  8td,  IQb.  6d.  cloth. 

EADIE.- A  DICTIONARY  OP  THE  BIBLE, 

For  the  Use  of  Young  Persons.  By  the  Rev.  Professor  Eadib,  D.D.,  LL.D. 
With  120  Iliustmtions,  second  edition,  18mo,  3b.  6d.  cloth. 

EADIE.— EARLY  ORIENTAL  HISTORY; 

Coanprising  the  Historyof  Egypt^Assyria,  Persia,  Media,  Phrygia,  and  Phconicia. 
By  Rev.  Proi.  Eadib,  D.D.,  LL.D.  Numerous  Illustrations,  crown  8vo,  8s.  cloth. 

ECCLESIASTICAL  HISTORY.— FIRST  DIVISION. 

RISE  AND  EARLY  PROGRESS  OF  CHRISTIANITY.  By  the  Ri^ht 
Rer.  Sajidbl  Hizfoe,  D.D..  Bishop  of  Norwich,  to  which  is  added  a  Dissertation 
on  Miracles,  by  Rev.  J.  H.  Nevwam,  D.D.    Crown  Svo,  6s.  cloth. 

ECCLESIASTICAL  HISTORY.— SECOND  DIVISION. 

CHRISTIANITY  IN  THE  MIDDLE  AGES.  By  the  Rev.  J.  A.  Jeremib, 
D.D.,  Regius  Professor  of  Di\inity  in  the  University  of  Cambridge,  and  other 
Contributors,  crown  8vo.    AisaHy  ready. 

EXPERIMENTAL  SCIENCE. 

THE  ENCYCLOPiSDIA  OF  EXPERIMENTAL  PHILOSOPHY.-Mag- 
netism,  Electzo-Magnetism,  Electricity,  Galvanism,  Heat,  Chemistoy,  Meteor- 
ology, By  ProfesMr^A&LOW,  Rev.  F.  Lunn,  Dr.  P.  M.  Roget,  and  G.  Habtby, 
Usq.    With  ao  Plates,  4to,£l  lis.  6d.  half  russia. 

FERGUSON.— HISTORY  OF  THE  ROMAN  REPUBLIC. 

HISTORY  OF  THE  PROGRESS  AND  TERMINATION   OF  THE  RO- 
liAN  REPUBLIC.  By  Adam  FKBOuaon,  LL.D.    Svo,  9b.  6d.  cloth. 
FINE  ARTS. 

THE  ENCYCLOPAEDIA  OF  THE  FINE  ARTS.— Architecture,  Sculpture, 
Painting,  Heraldry,  Numismatics,  PoetrTt  Music,  and  Engraving.  By  Na&eibn, 
Westmaoott,  Bishop  James,  Green,  Hughes,  Gwilt,  and  Lihdbay.  With  66 
Engravings,  4to,  £1  lis.  6d.  half  rusiia. 

GEAJLAMv— COMPOSITOR'S  GUIDE. 

THE  COMPOSITOR'S  TEXT  BOOK:  or.  Instructions  in  the  Art  of  Printing. 
With  Essay  on  Punctuation.    By  John  Graham.    12mo,  as.  6d.  cloth. 


NEW  WORKS  AND  NEW  EDITIONS 


ENCYCLOPiGDIA    METROPOLITANA,    OR    UNIVERSAL 

DICTIONARY  OP  KNOWLEDGE.   Quarto  Library  Edition. 
Complete  Seta  of  the  Encyclopedia  Metro|>olitana,  (published  at  £61  IQs.  in  parts,) 

bound  in  30  Volumes,  4to,  half-bound  Russia  extra,  iu  best  London  binding.  £18  18b. 
The  Large  Paper   Edition,  with  Proof  Impressions  of  the  Plates,  (Published  at 

£106  4b.,  in  Parts,)  in  30  Volumes  royal  4to,  half-bound  Russia,  £26  5s. 

ENCYCLOPAEDIA  METROPOLITANA,  NEW  AND  REVISED 

EDITION.  The  Second  Edition  of  the  Encyclopaedia  Metropolitana  will  be 
handsomely  printed  in  a  Series  of  Cabinet  Volumes,  in  Lonir  Primer  tvpe,  in 
crown  8vo.  The  work  will  be  thoroughly  revised,  many  new  Treatises  adaed,  the 
Articles  all  provided  with  comprehensive  Indexes,  or  Analvtical  Tables  of  C  on- 
tents,  and  abundantly  illustrated  by  Maps,  Wood-cuts,  and  Engravings.  It  will  be 
published  in  Volumes,  each  containing  a  Complete  Treatise. 

Vol.  l.-COLERIDQE'S  (8.  T.)  DISSERTATION   ON  THE   SCIENCE   OF 
M  ETHOD,  revised.    With  a  Synopsis.  2s. 
2.-ST0DDART'S  (SIR  JOHN)  UNIVERSAL  GRAMMAR,  or  the  Pure 

Science  of  Language,  competely  Re- written,  5s. 
3.-WHATELY'S  (ARCkfilSHOP)  LOGIC.     With  a  New  Synopsis  and 

Index.ds. 
4.-WHATfeLY»S  (ARCHBISHOP)  RHETORIC.    With  a  New  Synopsis 

and  Index,  3s.  Od. 
5.-HINDS'S     (BISHOP)     HISTORY    OP    EARLY    CHRISTIANTY. 
Revised,  to  which  is  added,  NEWMAN'S  DISSERTATION  ON  MIR- 
ACf  RS   Ai 
6.-aKNI0rS  (NASSAI     W.)  PCIIJTICAL  KCOXOMV,  4fl. 
7.— H  A  r. K*S   ( A  H r  1 1  n K  A (  t  K\ )   U 1 8 TOR Y  IJ F  TH  E  J K WS.     From  the 
Timeof  Ak'.vnndfnheliroatU'TlH'  l>f-i< ruction  of  Jt-Tusalern,  n:^ ised, 2i. 6d. 
a^SACHED    HISTUIIY    AND    hinUHAFHY.     From   Uii<  Antediluvian 
Period  to  lh>'  Tiun-  oUW  l^r^iili.  (  MuJzulii.    Edit4?d  and  iiartlj  written  by 
th<'  R'  ^.  I'    A    (    i\,  n  !>.,  LL.I>.,  n'viftpij,  6«. 
0,-HlST(Hn     nl     <.l{J:f:K    LUHMATItre,     By  sir  TtiuHAS  N.  Tal- 
FOL'iiLi,  Uij;lit  K'j^,.  Dii.  liLOMi  lELti^  Biftb Op  uf  London,  ami  other  Con- 
tributor.    Heviietl  ai>d  Kiil&rged,  7».  Gd. 
m=MORAL    AND    METAPHYSfdAL    PHILOSOPHY.      Hy   Professor 
M  A  tr  ftJCB .     Part  F  i  rat,  the  And  pn  l  8y»lem  s  of  Ph  i  tonophy »  re  -  ivritten,  6s. 
U.— INTHOI>lTCTlON     TO     UNiVERSAL     HISTORY.       By    Sir  John 

Stodivaet,  LL.D.»  r«!- writ  ten  ♦  Ss. 
12,-ROMAN    ANTIQUITIES.      By  Wili.tim   IUwsay,  M.A.,  Professor  of 
Humaiiity  in  the  University  of  Uliuigow.     Wjth  Map,  and  Numerous 
Engfmvinffs.gs.  6d. 
13— BOTANY,    By  .John  IIl-tton  Balfofr,  F,H.S,E.,  Proft*«*or  «jf  Medicine 
and  RoLany  ir*  the  Univi^rsity  uf  Edinburgh.  Numerous  Engravings,  12B.6d. 
14.— ELECTRO-METALLUKGY:   Coutainiutf   an   Account  oT*  tlir  most  Im- 
proved Melhocfif  of  deposit  in  j^  Copper,  ^Silver,  Gold,  and  otlker  metals, 
with  numerivuR  lll!uAtr;Ltiom.     Uy  Jamics  N*pikr,  F.CS.    *K  6d. 
15.-1II8TORY    t>F    GREECE    fmm    tlio   Earliest  Periods  t*j  tho  Close  of 
tin?  Pdo^finrfL'sjan  War.     By  Sir  TiiOiiAB  N.  Talfouru,  D.C.L.,  Rev. 
J.  B,  Ottlky,  A.M.,  E,  PococKE,  Esq., and otiier Contrilmtors.    With 
t>ni'  IlijTuln-il  and  Fiftv  Illustniticrtii,  m, 
16.— P  H  (J  r  ( I  GRAPH  Y,  vm  bfari  ng  ]J(Lfns0rr««t}rpi^»  Cakilirpo ,  &.c.     By  ROBRAT 
Ili'WT,   Professor  of   Meibaniiiil  Scienco  in  the   Mu»i'um   of  Praotiioal 


GcHiloijy.  LoiTidim.    G4  Wcioil-  Kn|rravin|ts,  5««. 
17,— V  ETERIN A R  Y  A R T,  by  W .  V.  Hi-cmjnkr.    Fifly-one  Engravings,  3 
la— EARLY  OKIENTAL  HISTORY,  pomprising  th<?  History'  o'  ^5yP 


9b. 

Briii*  Penis,  Medin,  Phr]i-gia,  and  Plitutiicia,  by  Rev*  Profen.^r  Eadie, 
JK,  LL.D.     With  numerous  llliMtmtions.  Ss. 

li>.-llISTORY  OF  THE  HUMAN  REPUBLIC.  By  the  Kt-v.  Thoma8 
Aenold,  U.D.,  Sir  Thomas  N.  Talfodrd,  D.C.L. ,  the  Rci,  Professor 
Jghkuie:,  and  others.     With  numeroofl  I]l|uA(ratii)ri%  8ii.  Ttd. 

flft^BIBLlCAL  AN  i  lyUITIEH  AND  OEOGRAPil  Y.  By  Km,  P.  A.  Cox, 
DJJ.,  LL.D,     With  MajM  and  nuraer**uH  IlliiH[r4il]«inji,  t*.  M* 

21.— METALLUHtrY.  A  Practical  TaitATiaii  on  the  CiiEMiiiTiiT  of  the 
Mettaus:  containing  an  Aeeount  of  AssAyinff,  Mininff*  flEDeltinff,  &c.,  by 
Joii.-*  Authi  n  Phillips,  F.C.8,,  with  nearly  200  cngrs^vings,  12b.  6d. 

GILMER.— INTEREST  TABLES. 

Tables  for  the  Calculation  of  Interest  on  any  Sum  for  any  Number  of  Days  at  all 
Rates,  from  4  to  6  per  Cent.  By  Robert  Gilmeb.  Third  Edition,  Corrected 
and  Enlarged,  royal  18mo,  5s.  bound. 
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GREECE.— HISTORY  OF. 

HISTOKY  OP  GBEEG£  from  the  Earliest  Period  to  the  Close  of  the 
Pelopoanesian  War.  By  £.  PocoCKB,  Esq.,  Rev.  J.  B.  Ottlet,  M.A.,  Sir 
Thomas  N.  Talpoubd,  D.C.L.,  and  the  late  J.  T.  Rutt,  Esq.  With  One 
Hundred  and  Fifty  lUustrations.    Crown  8vo,  cloth,  9b. 

GREECE  AND  MACEDONIA— HISTORY  OF. 

History  of  Greece  from  the  Age  of  Xenophon  to  the  absorption  of  Greece  in  the 
Roman  Empire,  including  the  Age  of  Alexander  the  Great.  By  William  Rob 
Ltall,  D.15.  Rev.  J.  H.  B.  Mountain,  D.D.,  Rev.  G.  C.  Renouard,  B.D., 
and  others.    lUnstrated  by  nmnerous  Wood  Engravings.    Nearly  ready. 

GREEK  LITERATURE.— TALFOURD,  &c. 

A  HISTORY  OF  GREEK  LITERATURE.  By  Sir  T.  N.  Talfoued.  Right 
Rev.  Dr.  Blomfield,  E.  Pococke,  Esq.,  Rev.  H. Thompson,  M. A.,  and  other 
Contributon.     With  Chronological  Tables  and  Index.    Crown  8vo,  Zs.  6d.  doth.. 

GREEK,  ROMAN,  AND  ORIENTAL  PHILOSOPHY. 

A  HISTORY  OF  GREEK,  ROMAN,  AND  ORIENTAL  PHILOSOPHY. 
By  the  Right  Rev.  Dr.  Blomfield.  Bishop  of  London,  Professor  Jeremie,  Rev. 
E.  Smedley,  M.A.,  Rev.  J.  W.  BlAesley,  M.A.,  Rev.  W.  Whewell,  D.D.,  F.R.S. 
MsBter  of  Trinity  College,  Cambridge,  and  other  Contributors.    Crown  8vo. 

GRIFFIN.— CHEMICAL  RECREATIONS ; 

A  Popular  Compendium  of  Experimental  Chemistry  for  the  Use  of  Beginners. 
By  John  Joseph  G&iffin,  F.CS.  Ninth  edition,  with  500  Illustrations,  18mo, 
7b.  6d.  bound. 

GRIFFIN'S  JUVENILE  LIBRARY,  Beautifully  Illustrated. 

JANE  SEATON,  or  the  Cornelian  Cross,  18mo,  Is.  6d.  cloth. 
L.IFE  OF  SIR  WILLIAM  WALLACE,  the  Scottish  Hero,  18mo,  Is.  6d.  cloth. 
L.ADY  SANDFORD'S  STORIES  from  the  History  of  Rome,  18mo,  Is.  6d.  cloth. 
SCRIPTURE  SCENES,  or  Views  of  the  Lands  of  the  Bible,  18mo,  Is.  6d.  cloth. 
STORIES  OF  THE  SEA,  or  Narratives  of  Battle  and  Peril,  16mo,  Is.  6d.  cloth. 
BOOK  OF  WONDERS,  18mo.  Is.  6d.  cloth. 

GRIFFIN.— THE  SCIENTIFIC  MISCELLANY; 

A  Collection  of  Treatises  relating  to  the  Experimental  Sciences.  Edited  by  John 
Joseph  Gbjffin,  F.CS.    With  Engravings,  8vo,  ISb.  cloth. 

GRIFFIN— SCIENTIFIC  CATALOGUE. 

lUostrated  Catalogue  of  Chemical  and  Philosophical  Apparatus  of  every  descrip- 
tion. Cabinets  of  Minerals,  Rocks,  &c.    With  1200  Engravings,  8vo,  2s.  sewed. 

GRIFFIN.— SYSTEM  OF  CRYSTALLOGRAPHY; 

With  its  Application  to  Mineralogy.  By  John  Joseph  Griffin,  F.CS.  8vo, 
lai.  doth. 

HALE.— HISTORY  OF  THE  JEWS, 

From  the  Time  of  Alexander  the  Great  to  the  Destruction  of  Jerusalem  by  Titus. 
By  Archdeacon  Hale,  Master  of  the  Charter  House.    Crown  8vo,  29.  6d.  cloth. 

HERSCHEU-CONTRIBUTIONS  TO  THE  ENCYCLOPiBDIA 

METROPOLITAN  A:  viz.  Physical  Astronomy,  Light,  and  Sound.  One 
Volume,  4to,  cloth,  21s. 

HINDS.— HiSTORY  OF  EARLY  CHRISTIANITY. 

THE  RISE  AND  EARLY  PROGRESS  OF  CHRISTIANITY.  By  the 
Bishop  of  Norwich.    New  Edition,  Revised,  crown  8vo,  6s.  cloth. 

HOOPER.— A  MEDICAL  DICTIONARY. 

Kighth  Edition,  Revised,  Corrected,  and  Enlarged.  By  Klein  Grant,  M.D. 
8vo,  30b.  cloth. 

HUNT.— PHOTOGRAPHY. 

A  Treatise  on  the  application  of  the  chemical  changes  produced  by  Solar  Radia- 
tioii  to  the  production  of  Pictures  fh)m  Nature — embracing  the  Daguerreotype, 


JEWS— HISTORY  OF. 

BioeiuPHiCAL  Annals  of  thb  Hebkbw  Nation,  from  the  Earliest  Period  to  the 
Deatmetion  of  Jerusalem  under  Titus.  By  the  Venerable  Archdeacon  Halk 
Ber.  Dr.  Cox,,  Dr.  Mason  Good,  and  others.  With  Landscape  Illustrations, 
Crown  8vo,  anoque  cloth  binding,  8s.  Digitized  by  vjOOQ  IC 
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NEW  WORKS  A2n>  NEW  EDITIONS 


KERR.— MANUFACTURE  OF  SUGAR; 

A  Practical  Treatise  on  the  Culti\'ation  of  the  Sugar  Cane  and  the  Manufisbcture  of 
Sugar.    By  Thomas  Kerr,  of  Barbadoes.    Crown  8vo,  5b.  cloth. 

KINGSLBY.— NATIONAL  SERMONS. 

By  the  Rev.  Charles  Kimoblet,  author  of  Yeast,  Alton  Locke,  &c.  Neariv  read¥. 

LITERARY  STUDIES. 

The  Importance  of  Literature  to  Men  Engaged  in  Business.  A  Series  of 
Addresses  by  the  Duke  of  Argyll— Earl  of  Carlisle— Archbishop  WhateW— Sir 
David  Brewster^-Sir  John  Hersohel — A.  Alison,  Esq.— Lord  Mahon— Charles 
Knight-B.  D'lsraeli,  M.P.— Sir  T.  N.  Talfourd,  &c.  &c.,  fcap.  8vo.  NeaHy  Beady. 

MANUFACTURES  AND  MACHINERY. 

THE  ENCYCLOPEDIA  OF  ARTS,  MANUFACTURES.  AND  MA- 
CHINERY.  By  Professor  Barlow.  With  an  Introductory  Dissertation,  by 
Professor  Babbage.  New  edition,  illustrated  by  87  Pages  of  Engravings  by 
Lowry,  4to,  42s.  half  russia,  or  emblematical  cloth  binding. 

MATHEMATICS. 

THE  ENCYCLOPAEDIA  OF  PURE  MATHEMATICS,  compitshending  a 
complete  Course  of  Mathematical  Science.  By  Professors  Airy,  Barlow,  Ds 
Morgan,  Hall.  Hamilton,  Levy,  Mosei.bt,  Dr.  Lardnbr,F.R.S.,  and  Rev. 
Dr.  Peacock,  Dean  of  Ely.    With  i7  Engravings,  £1  lis.  6d.  half  russia. 

MARRIAGE  OFFERING; 

A  Compilation  of  Prose  and  Poetry.    Foolscap  8vo,  4s.  cloth,  richly  gilt. 

MAURICE.— MORAL  AND  METAPHYSICAL  PHILOSOPHY  : 

ANCIENT  PHILOSOPHY,  comprising  the  Hebrew,  Efivptian,  Hindoo, 
Chinese,  Persian,  Grecian,  Roman  and  Alexandrian  Systems  of  Pnilosophy.  By 
Rev.  F.  D.  Maurice,  Chaplain  to  Lincoln's  Inn,  Professor  of  Ecclesiastical 
History.  King's  College,  London.    Crown  8vo,  59.  cloth. 

MODERN  PHILOSOPHY,  comprising  the  Philosophy  of  the  First  Six  Centu- 
ries, the  Middle  Ages,  and  the  Modern  Systems.    Crown  8vo.    In  the  Press. 

MECHANICAL  PHILOSOPHY. 

THE  ENCYCLOPiEDIA  OF  MECHANICAL  PHILOSOPHY.-Meclianics, 
Hydrodynamics,  Pneumatics,  Sound,  Optics,  Light,  illustrated  by  78  Plates.  By 
Professor  Barlow  and  Sir  John  Hebschel.    4to,  42s.  half  russia. 

MEDICAL  SCIENCE. 

THE  ENCYCLOP^DJA  OP  THE  ^MEDICAL  SCIENCES^— Anatomy,  b^ 


J.  F.  South, 


F.L.S.,  and  F.  Le  Gros  Clark,  Esq.;  Surgery,  by  W. 
Bowman^  Esq.,  F.R.S.;  Materia  Medica,  by  G.  Johnson,  Esq.,  M.D.:  Element- 
ary Principles  of  Medicine,  by  R.  Williams,  Esq.,  M.D.;  Veterinary  Art,  by  W. 
C.  Spoonsr,  Esq.,  with  18  Engravings,  21s.  half  russia. 

MITCHELL.— AGRICULTURAL  ANALYSIS. 

A  MANUAL  OF  AGRICULTURAL  ANALYSIS.  By  John  Mitchkll, 
F.C.S.,  &c.    With  Cuts,  royal  18mo,  3s.  6d.  cloth. 

MENTAL  SCIENCE. 

THE  ENCYCLOPAEDIA  OP  MENTAL  PHILOSOPHY,  by  8.  T.  Cole- 
ridge, Sir  J.  Stoddart.  LL.D.,  Archbishop  Whately,  R.  Jebd,  Esq.,  A. 
PoLSON,  Esq.,  Professors  Maurice,  Graves,  andCoRRiE,  and  the  Rev.  Dr.  Robb. 
4to,  2Lb.  half  russia. 

MENTAL  SCIENCE. 

S.  T.  Coleridge  on  METHOD ;  Archbishop  Whatbly'b  Treatises  on 
LOGIC  and  RHETORIC.  In  One  Volume,  forming  a  Section  of  the  Ency- 
clopedia Metropolitana,  crown  8vo,  5b.  cloth. 

MITCHISON.— HAND-BOOK  OF  SCOTTISH  SONG. 

A  HAND-BOOK  OP  THE  SONGS  OF  SCOTLAND,  containing  the  best 
Songs  of  Bums,  &c.  Set  to  Music.  With  Notes,  and  Life  of  Wilson.  By  William 
Mitch isoN.    Illustrated  by  Portrait  and  Plates,  crown  8vo,  ds.  6d.  fancy  binding 
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PREFACE 


The  methods  of  extracting  the  metals  from  their  ores  are  so 
extremely  varied  that  it  would  be  impossible  to  comprise  them 
sii  within  the  limits  of  a  single  volnme;  the  more  important 
I  have  thc^refoie  been  selected. 


In  describing  these^  the  necessary  facts  have  been  presented  to 
the  student  in  the  order  in  which  a  knowledge  of  them  is  required ; 
the  cmde  ores  being  traced  from  the  mines  in  which  they  occur 
tfanmgh  the  various  mechanical  and  metallurgic  elaborations 
vloch  ihej  subsequently  undergo  before  the  metal  is  obtained. 

The  student  of  metallurgy  should  be  enabled  to  distinguish, 
bj  their  ciystallographic  as  well  as  by  their  chemical  characters, 
all  the  more  frequently  occurring  ores,  and  be  familiarly  acquamted 
with  the  composition  and  properties  of  the  various  fueb  employed 
m  furnace  operations. 

With  a  view  to  facilitate  the  acquirement  of  this  knowledge, 
t  short  chapter  on  crystallography  has  been  introduced,  whilst 
another  has  been  devoted  to  natural  and  artificial  faels. 

The  information  which  has  been  given  on  the  important  subject 
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of  Aesaying  will^  it  is  hoped,  sufiSdently  sappLj  a  want  which  has 
been  long  felt  in  this  conntiy. 

In  the  preparation  of  this  volume,  the  works  of  DoMnoj, 
Begnanlt,  Berthier^  Xnapp^  Scheerer,  Le  Play,  Bammelsberg; 
liampadios^  Dana^  Earsten,  and  H6ron  de  Yillefosse,  have  been 
consulted.  Other  authors  whose  works  have  been  used  will  be 
found  specially  mentioned  in  the  text. 

As  a  former  pupil  of  the  first-named  mineralogist,  I  have 
employed  in  a  condensed  form  the  system  of  crystallography 
adopted  in  his  valuable  work  on  that  subject,  from  which  have 
been  taken  the  greater  portion  of  the  diagrams  relating  to  the 
laws  of  crystallisation. 

The  other  illustrations  are  either  original,  and  have  been  drawn 
expressly  for  the  present  Treatise^  or,  when  relating  to  foreign 
methods^  have  been  adapted  from  French  and  German  books  in 
which  the  subjects  are  well  represented. 


8,  Upper  Stamford  Street : 
April,  1862. 
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Furnace,  blast,  228. 
Furnace,  hot-blast,  with  cylindrical 

body,  232. 
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370. 
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Galleiy,  timbered  on  two  sideSj  107. 
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(Joniometer,  WoUaston's,  77. 
Gk)niometer,  Method  of  using,  79. 
Hammer  for  consolidating  the  loupe, 

275. 
Hammer,  ring  of,  276. 
Hammer  for  drawing  lopins  into  bara, 

277. 
Hammer   for   compressing   puddled 

baU8,286. 
Heap,  carbonisation,  146. 
Hearth  for  the  liquation  process,  874. 
Hearth,  German,  for  refining  copper, 

377. 
Heating-apparatuB  by  waste  heat^  256. 
Hexatetrahedron,  57,  58. 
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Hydraulic  pipe  press,  Imd  manu&o- 

ture,  520. 
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Lead  melting-pot,  265. 
Lead  pots,  Pattinson's,  497. 
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galena,  477. 
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Nicking-buddle,  118. 
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Oil-bath  38. 

Ovens  for  coking,  158, 164, 165. 
Pan  for  gold-washing,  564. 
Pentagonal  dodecahedron,  60. 
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Press,  hinged,for  compressing  puddled 

balls,  287. 
Prism,  rhomboidal,  51. 
Pxism,  with  berehnent,  53. 
Prism,  six-Bided  regular,  58. 
Prism,  right  square,  61,  62,  68. 
Prism,  eight-sided  symmetrical,  63. 
Prism,  (zircon),  63. 
Prism,  right  rhombic,  64. 
Prism,  four-sided,  64. 
Prism,  six-dded,  64,  66,  70, 
Prism,  eight-sided,  64. 


Prism,  six-sided,  66. 
Prism,  obUque,  67. 
Prisms,  oblique,  with  bevelments,  68. 
Prism,  oblique,  with  synunetrical  be- 
velments, 69. 
Prism,  six-side^  70. 
Prism,   oblique,  with  bevehnents  of 

difibrent  indinationB,  70. 
Prism,  deformed,  70. 
Back  for  washing  ore,  120. 
Befineiy  for  iron,  280,  281. 
Betort,   Silesian,    for   zinc-smelting, 

426. 
Betorts  used  in  the  metallurgy  of 

bismuth  at  Schneeberg,  432. 
Bhombohedron,  65,  66,  200. 
Boasting-kiln  at  Idria,  457. 
Boughij^-rollers,  290. 
Scal^ohedron,  66,  67. 
Scrapers  for  moulding,  264. 
Shears  for  cutting  bars   of  puddled 

iron,  291. 
Shells  replaced  by  iron  pyrites,  75. 
Shield  for  furnaces,  214. 
Slitters,  or  cutting-rollers,  294. 
Spout,  of  copper,  used  in  assaying, 

476, 
Stamping-mill,  110. 
Strata,  dislocations  of,  100. 
Stratification,  discordant,  91. 
Stratification,  discordant,  filled  up  by 

new  beds,  93. 
Table,  percussion,  112. 
Tables,  sleeping,  116. 
Tenacihr,  11. 

Tongs  for  furnaces,  213,  214. 
Tongs  used  in  the  cupeUation  of  lead, 

483. 
Trapezohedron,  58. 
Tube  for  the  estimation  of  mercuxy, 

454. 
Tuyeres,  form  of,  273. 
Tuyeres  and  pipes,  arrangement  o^ 

280. 
Tuyeres  and  water-pipes,  232. 
Ti^ere  of  German  lorge,  273. 
Valley  produced  by  the  addon  of  a 

current  of  water,  64. 
Washing-apparatus,  113. 
Water  Uowmg  machine,  296,  297. 
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INTEODTJCTION. 


A  KS^owLEDOE  of  the  more  common  metals,  and  the  means  of 
extracting  them  from  their  ores,  "was  probably  coeval  with  the  first 
fonnation  of  civil  communities,  and  long  prior  to  the  invention  of 
written  characters,  or  any  other  method  of  transmitting  to  pos- 
terity the  memory  of  past  events;  and  we  are  consequently 
▼ithont  information  relative  to  the  period  at  which  mankind 
first  commenced  this  species  of  industry,  or  the  steps  which  first 
led  to  the  discovery  of  a  class  of  bodies  now  become  so  necessary 
to  our  daily  wants. 

We  have,  however,  sufficient  reasons  for  believing  that  the 
antediluvians  were  well  acquainted  with  these  arts,  ana  that  thev 
were,  in  all  probability,  extensively  practised  at  a  very  early  period. 

In  the  days  of  Moses,  at  least  six  metals  were  in  common  use, 
as  tbey  are  distinctly  mentioned  as  forming  part  of  the  spoils  of 
the  Imdianites,  who  appear  to  have  possessed  them  in  considerable 
abundance. 

Among  the  ancient  Greeks  and  Eomans,  Metallurgy  was  culti- 
vated to  so  great  an  extent,  that  many  of  their  productions, 
akhongh  made  at  an  infinitely  greater  e2[pense  of  time  and  labour, 
are  scarcely  to  be  surpassed  by  the  most  skilM  artists  of  the 
present  day,  aided  hj  the  numerous  inventions  of  modem  times. 

Of  the  state  of  this  science  in  Europe  prior  to  the  commence- 
ment of  the  sixteenth  century,  little  is  at  present  known;  for 
although  the  metals  were  doubtless  extracted  in  considerable 
quantities,  no  books  on  the  subject  had  yet  appeared ;  and  we 
are  consequently  more  indebted  for  information  to  the  various 
remains  of  ancient  foundries,  which  have  been  discovered,  than 
to  any  written  treatise. 
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2  INTHODTTCTIOy, 

In  the  year  1530,  Oeorgius  Agrioola,  a  German  physician, 
published  his  twelve  books  De  Re  MetaUica ;  and  although  one 
or  two  works  on  the  metals  had  already  appeared  in  the  (^rman 
language,  and  one  in  Italian,  he  may  be  justly  considered  the  first 
author  who  gave  a  clear  and  correct  descnption  of  the  various 
processes  employed  in  this  branch  of  chemical  science. 

Lazarus  Ercken,  Assay-Master  General  to  the  empire  of  Ger- 
many, followed  Agricola  in  the  same  pursuit,  and  in  1574  published 
a  work  at  Prague,  of  which  an  English  translation,  by  Sir  John 
Pettus,  came  out  in  1683.  Since  that  time  numerous  treatises  on 
this  subject  have  appeared  in  almost  every  European  language, 
and  Metallurgy  has  rapidly  risen  to  that  prominent  position  among 
the  useful  arts  which  it  holds  at  the  present  day. 

The  ancients  were  acquainted  with  seven  metals,  and  these  they 
designated  by  the  names  of  the  planets,  and  represented  by  sym- 
bols supposed  to  have  some  mysterious  allusion  to  those  bodies. 

Gold  was  called  the  Sun,  and  thus  represented      ....     0 
Silver     ....     Moon j> 


Mercury 
Copper  . 
Iron  .  . 
Tin  .  . 
Lead 


Mercury 5 

Venus ? 

Mars ^ 

Jupiter If. 

Saturn ^ 


Zinc,  as  a  metal,  was  not  anciently  known,  although  advantage  had 
been  taken,  some  time  prior  to  the  Christian  Era,  of  the  property 
possessed  by  its  ores  of  converting  coppel*  into  brass  (Quarterly 
Journal  of  the  Chemical  Society,  October  1851).  Zinc  is  first 
mentioned  by  Paracelsus,  who  died  in  1541.  Bismuth  is  described 
in  the  Bermannus  of  Agricola,  written  about  1530.  Antimony  was 
discovered  by  Basil  Y^entine  towards  the  close  of  the  fifteenth 
century.  Arsenic  and  Cobalt  are  first  mentioned  by  Brandt  in  1733 
(Acta  Upsal,  1733  and  1742) ;  but  their  ores  had  been  known 
long  before.  Platinum  was  first  recognised  as  a  new  metal  in 
1741,  by  Charles  Wood,  Assay-Master  in  Jamaica  (Phil.  TraTis. 
vol.  xliv.)  In  1751  Cronstedt  showed  that  Nickel  was  a  distinct 
body  (Stockholm  Traits,)  Manganese  was  first  obtained  by  Ohan 
in  1774  (Bergmanns  OpusculOy  vol.  ii.)  :  and  Tungsten  was  dis- 
covered by  M.  Delhuyart  in  1781  (Memoires  de  Toulotise). 
Tellurium  and  Molybdenum  by  Miiller  and  Hielm  in  1782  (CrelCe 
Annals,  1790  and  1798).  Uranium  by  Klaproth  in  1789.  Tita- 
nium  by  Gregor  in  the  same  year  (Journ.  de  Phys,  xxxix.)  Chro- 
mium by  Vauquelin  in  1797  (Ann,  de  Chimie,  vol.  xxv.)  Colum- 
bium  was  discovered  by  Hatchett  in  1802  (PhiL  Trans,)  Palladium 
and  Rhodium  were  discovered  by  AVollaston,  and  Iridium  and 
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Ogminm  by  Tennant,  in  1803  (Phil.  Trans,)      Cerium  wa«  an- 
iwrnwed  in  the  following  year  bj  Hisinger  and  Berzelius  (fiehlerCi 
Jimal).     Davy,  in  1807,  by  the  aid  of  the  galvanic  batteiy, 
diicoTered  PotaBsium  and  Sodium,  and  afterwards  succeeded  in 
estsblishmg  the  metallic  nature  of  Barium,  Strontium,  and  Cal- 
cium.  Lithium  was  discovered  in  1818,  by  Arfwedson ;  Cadmium 
in  the  same  year,  by  Stromeyer ;  Zirconium,  in  1824,  by  Berzelius ; 
Aluminum,  GHucinum,  and  Yttrium,  by  Wohler,  in  1828.     Tho- 
rium was  discovered  by  Berzelius  in  1829  (Pogg.  Ann.)  ;  Magne- 
sium by  Buasy,  in  the  same  year ;  Vanadium  by  Seftstrom,  in  1880 
(iM.  Ch,  ei  Ph.  xlvi.)  ;  Lanthanum  by  Mosander,  in  1888  {Pogg. 
Aa.)    In  1841,  Didymium  was  discovered  by  the  same  chemist 
(Pogg.  Ann.   504)  ;   and  in  1843  he  announced  two  other  new 
metals, — Erbium  and  Terbium  (Ann.  Pharm.  xlviii.  219J.     Ruthe- 
niirni  was  discovered  by  Kalus  in  1844 ;    Pelopium  ana  Niobium 
by  H.  Eose  in  1845.     Finally,  Norium,  a  metal  of  which  little  is 
as  yet  known,  was  announced  in  1849  by  Svanberg  (Pogg.  Ann. 
Ixv.  317). 
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PHYSICAL  CHAItACTEES  OF  THE  METALS. 

The  metals  are  a  class  of  simple  substances,  possessed  of  a 
peculiar  lustre,  having  the  property  of  conducting  heat  and 
electricity  with  great  facility ;  but  both  in  their  chemical  and 
physical  properties  they  differ  very  much  from  each  other,  and  are 
consequently  applicable  to  a  great  variety  of  uses. 

Those  at  present  known  amount  to  fifty-one  in  number,  and  are 
enumerated  in  the  following  table,  with  their  equivalent  numbers 
and  symbols  annexed. 

TABLE  OF  METALS. 


1.  Aluminum 

Symbols. 

EquiTalenU. 

Hydrogen—  1 

Oxy.»100 
H  -  12-6 

Al 

13-69 

17117 

2.  Antimony  (Stibium)  .     . 

Sb 

12903 

1612-90 

3.  Arsenic 

As 

7500 

937-50 

4.  Barium 

Ba 

68-64 

85801 

5.  Bismuth 

Bi 

70-95 

886-92 

6.  Cadmium.     .     ,     .     .     . 

Cd 

55-74 

696-77 

7.  Calcium 

Ca 

2000 

25000 

8.  Cerium 

Ce 

46-00 

67600 

9.  Chromium 

Cr 

28-16 

351-82 

10.  Cobalt 

Co 

29-52 

368-99 

11.  Conper  (Cuprum)  .     .     . 

12.  Diaymium 

Cu 

81-66 

395-70 

Di 

13.  Erbium 

Er 

14.  Glucinum 

Gl 

26-50 

331-26 

15.  Gk)ld  (Aurum)  .... 

Au 

98-33 

122916 

16.  Ilmenium 

11 

17.  Iridium 

Ir 

98-68 

1233-50 

18.  Iron  (Ferrum)  .... 

Fe 

28-00 

350-00 

19.  Lanthanum 

Ln 

48-00 

60000 

20.  Lead  (Plumbum)   .     .     . 

Pb 

103-56 

1294-50 

21.  Lithium 

Li 

6-43 

80-37 

22.  Magnesium 

Mg 

12-67 

158-36 
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I  23.  3f  anganese 

24.  Mercury  (Hydrargyrum) 

25.  Molybdenum     .... 

26.  Nickel      

27.  Niobium 

28.  Xorium 

29.  Osmium 

30.  Palladium 

31.  Pelopium 

32.  Platmum 

33.  Potafisium  (Kalium)  .     . 

34.  Ehodium 

35.  Ruthenium 

36.  Silicium 

37.  SilTcr  (Argentum)      .     . 

38.  Sodium  (Natronium) 

39.  Strontium 

40.  Tantalum  or  Cohimbium 
4L  Tellurium 

42.  Terbium 

43.  Thorium 

44.  Tin  (Stannum) .... 

45.  Titanium 

46.  Tungsten  (Wolfram) 

47.  Uranium 

48.  Vanadium 

40.  Yttrium 

60.  Zinc 

51.  Zirconium 

SymboU. 

Equivalents. 

Hydrogen  .>! 

OxT.-lOO 
H  =     12-6 

Mn 
Hg 
Mo 

Ni 
Nb 
Nr 
Os 
Pd 

PP 
Pt 

K 

R 

Ru 

Si 

Sr 
Ta 
Te 
Tr 
Th 
Sn 
Ti 
W 
U 
V 
T 
Zn 
Zr 

27-67 
10007 

47-88 
29-57 

99-56 
53-27 

98-68 
89-00 
52-11 
52-11 
21-36 
108-00 
22-97 
43-84 
92-30 
66-14 

59-59 
58-82 
24-29 
94-64 
60-00 
68-56 
32-20 
32-52 
33-62 

345-90 

1250-90 

598-52 

369-68 

1244-49 
665-90 

1238-50 
487-50 
651-39 
651-39 
266-82 

1860-00 
28717 
548-02 

1158-72 
801-76 

744-90 
735-24 
803-66 
118300 
750-00 
856-89 
402-51 
406-59 
420-20 

These  may  be  divided  into  two  classes  or  divisions.  The  first 
class  consists  of  those  which  have  so  great  an  affinity  for  oxygen 
tbat  they  combine  with  it  at  the  orcunary  temperature  of  the 
atmosphere,  and  become  rapidly  oxidised,  even  when  protected 
from  tne  influence  of  moisture,  and  are  consequently  never  used 
in  the  arts  in  an  uncombined  slate.  Such  are — 
Potassium       Calcium  Erbium  Thorium 

Sodium  Magnesium        Terbium  Cerium 

Lithium  Silicium  Olucinum  Ijanthanum 

Barium  AhiTnim^Tg  Zirconium  Didymium 


Strontiam       Yttrium 


Norium 
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Those  of  the  above  metals  which  have  been  applied  to  useful 
purposes  are  either  employed  in  combination  with  other  simple 
substances,  or  united  with  acids  in  the  form  of  salts,  and  in  this 
state  furnish  the  arts  with  a  most  valuable  series  of  compounds. 
Thus,  those  in  the  first  part  of  the  series,  when  associated  with 
oxygen,  severally  yield  potash,  soda,  baryta,  strontia,  lime,  magnesia, 
and  alumina,  wm<Mi,  eitner  in  their  uncombined  state,  or  united  with 
acids,  forming  salts,  are  of  hourly  application  to  our  wants.  The 
other  metals  of  this  class  have  not  hitherto  been  usefully  applied, 
which  arises  from  the  circumstance  that  some  of  them  do  not 
occur  in  sufficient  abundance  to  admit  of  their  advantageous  treat- 
ment, whilst  the  preparation  of  others  is  attended  with  great 
expense,  and  they  are  therefore  replaced  by  bodies  which  allow  of 
bemg  manuiactiured  at  a  cheaper  rate. 

The  second  class  consists  of  those  metals  which  have  so  slight 
an  affinity  for  oxvgen  as  to  be  but  little  affected  by  it  at  ordinary 
temperatures.    These  are — 

Gold 

Silver 

Copper 

Iron 

Manganese 

Mercury 

Tin 

Lead 

Zinc 

Cadmium 

Bismuth 

The  metals  belonging  to  this  class  are  extremelv  numerous,  but  in 
order  to  render  them  extensivehr  applicable  m  an  uncombined 
state  it  is  necessary  they  should  udfil  certain  physical  condit^ns, 
without  which  they  will  be  of  little  value. 

In  the  first  place  they  must  possess  a  certain  tenacity  and 
malleability,  without  which  it  would  be  impossible  to  manufacture 
them  into  the  various  forms  which  they  are  constantly  required  to 
assume.  It  is  also  important  that  the  ores  from  which  they  are 
obtained  should  be  found  in  considerable  quantities,  and  that  the 
extraction  of  the  metals  should  not  be  attended  with  any  extra- 
ordinary difficulty  or  expense,  otherwise  they  could  only  be  em- 
ployed for  special  purposes  for  which  others  were  unfitted,  and 
could  never  come  into  very  general  use. 

The  more  brittle  metals  are  seldom  employed  alone,  but  usually 
in  combination  with  others  possessing  a  nigher  degree  of  mallea- 
bility and  ductility,  and  thus  alloys  are  frequently  obtained  which 


Antimony 

Iridium 

Arsenic 

Buthenium 

Cobalt 

Osmium 

Nickel 

Titanium 

Chromium 

Columbium 

Tungsten 

Niobium 

Molybdenum 

Ilmenium 

Vanadium 

Pelopium 

Platinum 

Uranium 

Palladium 

Bhodium 
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exUbii  most  remarkable  and  valuable  properties,  combining,  to  a 
eertim  extent,  the  cbaracteristics  of  the  several  metals  of  which 
th€T  ire  formed. 

The  metals  sufficiently  malleable  to  enable  them  to  be  employed 
is  an  nneombined  state  are  the  following : — 

Gold  Mercury  Nickel 

Silver  Tin  Zinc 

Platiniun  Manganese  Cadmium 

Palladium  Iron  Copper 

Iridium  Cobalt  Lead 

Of  these,  however,  many  have  not  been  employed  in  the  arts ;  and 
this  arises  either  from  the  scarcity  of  the  ores  from  which  they 
are  obtained,  or  from  their  place  being  advantageously  supplied 
by  other  metals  which  can  be  procured  at  a  cheaper  rate. 

•pAclty  madl  l^astre. — It  has  been  before  mentioned  that  the 
metals  possess  a  great  degree  of  opacity,  and  are  remarkable  for  a 
peculiar  lustre,  called  metallic.  All,  however,  are  not  equally 
opaque,  as  gold,  when  reduced  to  extremely  thin  leaves,  transmits 
rays  of  green  light.  Silver  leaf  of  one-hundred-thousandth  of  an 
inch  in  thickness  is  perfectly  opaque ;  but  very  thin  leaves  of  an 
alloy  of  silver  and  gold  appear  of  a  blue  colour  when  viewed  by 
transmitted  light. 

The  lustre  of  metals  is  a  consequence  of  their  opacity,  and 
depends  on  their  great  power  of  reflecting  light.  When  reduced 
to  the  state  of  powder,  their  peculiar  metallic  appearance  disap- 
pears, but  is  immediately  reproduced  by  rubbing  with  a  burnisher, 
or  any  other  hard  and  smooth  substance. 

colour. — ^Most  of  the  mettds,  when  in  a  finely-divided  state,  are 
of  a  grey  colour,  but,  when  consolidated  and  polished,  approach 
more  nearly  to  white.  The  colours  of  some  of  them  are,  however, 
Terr  decided :  thus  copper  and  tellurium  are  red,  gold  is  yellow, 
and  lead  is  blue. 

The  alloys  formed  by  the  mixture  of  different  metals  usually 
possess  to  a  certain  extent  the  colours  of  the  metals  of  which  they 
are  composed.  Those  resulting  from  the  combiaation  of  two  or 
more  grey  or  white  metals  will  themselves  be  grey  or  white ;  but, 
if  a  coloured  metal  enter  into  its  composition,  the  alloy  will  assume 
iU  colour  in  a  marked  degree,  although,  if  the  proportion  of  the 
coloured  metal  be  small  compared  with  the  amount  of  that  which 
is  not  coloured,  this  is  not  always  very  apparent. 

Martfncss. — ^The  metals  diifer  from  each  other  in  no  respect 
more  than  with  regard  to  their  hardness.  Those  which  are  pure  are 
usually  less  hard  than  their  alloys,  and  many  of  them  are  so  soft  as 
to  admit  of  being  easily  scratched  with  the  nail,  or  even  moulded 
between  the  fingers. 
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The  following  table,  arranged  by  Dumas,  shows  the  relative 
degrees  of  hardness  of  some  of  the  more  common  metals : — 


Titanium 
Manganese 
PLitinum 
Palladium 

Silver 

Tellurium 

Bismuth 

Cadmium 

Tin 

Chromium 

Ehodium 

Nickel 

Cobalt 

Iron 

Antimony 

Zinc 

Lead 

Potassium 

Sodium 

Mercury 


]  Harder  than  Steel 


Scratched  by  Calc  Spar 


Scratch  Glass 


Scratched  by  Glass 


Scratched  by  the  nail 
]  Soft  as  wax  at  60°  Fah. 
Liquid  at  ordinary  temperatures 


Density. — The  specific  gravity  of  the  different  metals  differs  ex- 
tremely, as  among  them  we  find  some  bodies  possessing  a  density 
at  least  twenty  times  greater  than  that  of  water ;  whilst  others 
weigh  less  than  half  their  bulk  of  that  liquid. 

The  principal  metals,  arranged  according  to  their  specific  gravity; 
are  given  in  the  following  table.  Water  =  1000 ;  temp.  =  60°  F. 
(Brando's  Manual  of  Chemistry.) 


Platinum    . 

.     .  20-980 

Nickel  .     . 

.     .     8-27 

Gold      .     . 

.     .  19-258 

Iron  .     .     . 

.    .    7-78 

Iridium .     . 

.  18-680 

Molybdenum 

.     .    7-40 

Tungsten    . 

.     .  17-500 

Tin    .     .     . 

.     .     7-30 

Mercury     . 

.     .  13-568 

Zinc  .     .     . 

.     700 

Palladium  . 

.  11-800 

Manganese 

.    6-85 

Lead      .     . 

.     .  11-350 

Antimony  . 

.    6-70 

Silver     .     . 

.  10-470 

Tellurium   .     . 

.    6-10 

Bismuth 

.     9-80 

Arsenic .     .     , 

.     5-88 

Uranium    . 

.     900 

Titanium    .     . 

.     5-30 

Copper  .     . 
Cadmium    .     . 

.    8-89 

Sodium  .     .     . 

.     0-97 

.     8-60 

Potassium  .     . 

.     0-86 

Cobalt   .    .     . 

.    853 
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dya^ninfitton, — All  the  metals  are  capable  of  assuming,  tinder 
bfoonble  circumstances,  the  crystalline  form.  Many  of  them — 
pirticalarly  gold,  silver,  copper,  and  bismuth — occur  crystallised 
mmtore,  and  are  found  either  as  cubes  or  octahedrons,  or  in  some 
of  their  derivative  forms :  antimony  is,  however,  an  exception  to 
tiiis  rule,  and  affords  rhomboidal  crystals. 

In  order  to  crystallise  a  metal  artificially,  it  is  sometimes  suffi- 
cient to  melt  a  few  ounces  in  a  crucible,  and,  having  permitted  it 
to  eool  on  the  surface,  to  pierce  the  crust  formed  and  allow  the 
interior  to  flow  out.  By  this  means  very  beautiful  crystals  of 
bismuth  may  be  obtained ;  but  in  the  case  of  some  of  the  less 
fusible  metals  larger  masses  and  slower  cooling  are  necessary  to 
produce  this  effect,  and  consequently  these  are  never  found  m  a 
dystalline  state  unless  considerable  weights  have  been  fused,  and 
tliowed  gradually  to  cool,  as  sometimes  occurs  in  the  furnaces  in 
which  their  metallurgic  treatment  is  effected. 

It  also  frequently  happens  that  one  metal  may  be  precipitated 
in  a  crystalline  form  by  placing  a  strip  of  another  metal  in  the 
solution  of  its  salts.  In  this  way  silver  is  deposited  by  mercury, 
and  a  piece  of  zinc  placed  in  a  solution  of  acetate  of  lead  precipi- 
tates the  latter  in  feathery  crystals.  Gold  is  occasionally  de- 
posited in  this  form  from  its  ethereal  solutions,  and  a  stick  of 
phosphorus  produces  the  same  effect.  Nearly  all  the  metals  yield 
ciystals  when  deposited  from  their  solutions  by  electric  currents 
of  feeble  intensity,  and  it  is  doubtless  to  this  action  that  we  are 
indebted  for  the  many  beautiful  specimens  of  the  native  metals 
which  enrich  the  cabinets  of  mineralogists. 

MaOeablUty. — "When  a  piece  of  metal  is  struck  by  a  hammer,  it 
either  flattens  under  the  blow  or  splits  with  more  or  less  facility 
into  fragments :  to  the  former  property  the  name  of  malleability  is 
applied,  whilst  metals  possessing  the  latter  peculiarity  are  termed 
brittle.  The  malleable  metals  may  be  reduced  into  thin  leaves 
either  by  the  hammer  or  by  the  flatting-mill. 

This  mstrument  consists  of  two  metallic  cylinders  (A,  B,  fig.  1) 
placed  horizontally  one  above  the  other.     These,  by  means  of  cog- 
wheels, are  made  to  revolve  in  contrary  directions, 
as  shown  by  the  arrows.     These  rollers  are  so 
arranged  in  a  frame  as  to  admit  of  being  placed, 
through  the  medium  of  strong  screws,   at   any 
required  distance  from  each  other,  or,  if  necessary, 
of  being  brought  into  actual  contact.     To  reduce 
a  piece  of  metal  by  this  means  into  the  form  of  a 
thin  sheet,  it  should  be  first  cast  in  the  shape  of  a 
rectangular  ingot,  having  nearly  the  same  width  as  the  required 
piste.     One  of  its  ends  is  then  flattened  into  the  shape  of  a 
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wedge  80  as  to  enter  easily  between  tbe  rollers,  which,  on  being 
set  in  motion,  draw  the  metal  in  and  pass  it  through  on  the  other 
side  reduced  in  thickness  and  much  elongated.  By  repeating  this 
operation  several  times,  and  gradually  reducing  tae  distance  be- 
tween the  two  cylinders,  sheets  of  almost  any  degree  of  thinness 
may  be  obtained*. 

During  this  artificial  compression  of  the  metals,  their  molecular 
structure  rapidly  undergoes  a  change,  and  those  which  at  first  are 
soft,  and  pass  readily  through  the  mill,  soon  become  brittle  and 
difficult  to  work.  It  is  then  said  to  be  "  rash,"  and  requires  to 
be  softened  by  being  heated  to  redness,  and  afterwards  allowed  to 
cool  very  gradually  to  the  temperature  at  which  it  is  worked. 
This  process  is  called  annealing. 

Gold  is  the  most  malleable  of  the  metals,  and  is  frequently 
made  into  leaves  of  only  ^6^660^^  ^^  ^^  ^^^  ^  thickness,  each 
grain  of  which  is  found  to  cover  a  surface  of  fifty-four  square 
inches.  The  metals  are  arranged  in  the  following  list  according 
to  the  order  of  their  malleability. 

1.  Gold  6.  Platinum  11.  Palladium 

2.  Silver  7.  Lead  12.  Potassium 

3.  Copper  8,  Zinc  13.  Sodium 

4.  Tin  9.  Iron  14.  Frozen  Mercury 
6.  Cadmium  .            10.  Nickel 

Diictiuty. — The  above  metals  are  also  ductile,  or  capable  of  being 
drawn  into  wire,  but  do  not  possess  this  property  in  the  same 
order  as  their  malleability.  Wire  is  manufactured  by  passing  an 
oblong  piece  of  metal  through  the  progressively  diminishing  holes 
of  a  steel  tool,  called  a  draw-plate.  By  this  means  wires  of  almost 
any  length  or  diameter  may  be  obtained,  as  the  metal  takes  the 
size  of  the  last  hole  through  which  it  has  passed.  Silver,  for  the 
purposes  of  embroidery,  is  frequently  made  into  wires  Tfe^^i  of  an 
inch  in  diameter.  A  grain  of  gold  may  be  drawn  into  a  wire  650 
feet  long  by  enveloping  the  ingot  operated  upon  in  a  coating  of 
silver,  and  ihen  passing  it  through  the  draw-plate.  The  wire  thus 
produced  will  also  be  found  covered  with  silver,  and  on  removing 
this  latter  metal  by  diluted  nitric  acid,  an  inclosed  gold  wire,  of 
only  siijth  of  an  inch  in  diameter,  will  be  obtained.  Platinum, 
treated  in  the  same  way,  may  be  made  into  wire  not  exceeding 
toioflth  of  an  inch  in  thickness  {PhiL  Traw.  1833,  p.  114). 

The  following  metals  are  arranged  according  to  the  order  of 
their  ductility : — 

1.  Gold  6.  Nickel  9.  Lead 

2.  Silver  6.  Copper  10.  Palladium 
8.  Platinum  7.  Zinc  11.  Cadmium 
4.  Iron  8.  Tin 
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r- — ^The  power  poBsessed  by  different  metals  of  gustain- 
ing  weights  is  very  variable,    and  influences  in  a  great  degree 
tiiSr  economic  values.     It  is  therefore  important   to 
aKertsin  by  careful  experiment  their  relative  tenacities, 
aid  the  various  influences  which  may  affect  them  in 
tills  respect.     For  this  purpose  wires  of  equal  lengths 
and  diameters  are  employed.     These  are  flrmly  sus- 
pended by  one  end  from  a  fixed  point,  A,  fig.  2,  and 
to  the  other  extremity  weights  are  successively  and 
earefblly  added  until  its  rupture  is  effected.    The  weight 
which  causes  the  wire  to  break  necessarily  represents 
the  tenacity  of  the  metal  of  which  it  is  composed, 
when  compared  with  others  in  every  respect  similarly 
treated. 

According  to  the  experiments  of  Guyton  Morveau, 
the  foUowing  are  the  weights  sustained  'oy  wires  0*787 
of  a  line  in  diameter  (An.  Ch.  et  Fh,  xl.  78).  2. 

Iron  wire  supports 649-250  lbs. 

Copper       „  „ 302-278  „ 

Platinum  „  „ 274320  „ 

Silver         „  „ 187137  „ 

Gold  „  „ 160-763  „ 

Zinc  „  „ 109-540  „ 

Tin  „  „ 34-630  „ 

I^ead         „  „ 27-621  „ 

Fmflrtilty. — All  the  metals  admit  of  being  liquified  by  the  appli- 
cation of  heat;  but  the  temperatures  at  which  they  melt  are 
extremely  various.  Merciuy  retains  its  liquid  form  during  the 
most  intense  colds  of  our  climate.  Potassium  and  sodium  fuse 
below  the  boiling  point  of  water.  Tin  melts  at  about  440°  Fah. ; 
l^id  at  612*»;  ana  antimony  at  about  850^.  Gold,  silver,  and 
copper  require  a  cherry-red  heat ;  iron,  nickel,  and  cobalt  fuse  at 
a  white  heat ;  manganese  and  palladium  are  melted  onlv  by  the 
strongest  heat  of  a  wind  furnace ;  chromium,  uranium,  molybdenum, 
and  tungsten,  agglutinate  but  slightly  when  treated  in  the  same 
way ;  platinum,  iridium,  rhodium,  osmium,  cerium,  titanium,  and 
columbiimi  yield  only  to  a  powerful  voltaic  current,  or  the  flame  of 
the  oxyhydrogen  blowpipe. 
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Pusible 
below  a 
red  heat 


The  metals  are  arranged  in  the  order  of  their  fusibility  in  the 
following  table  (Turner,  Elem,  Chem.) : — 

Fahr. 

^Mercury 89°    Various  chemists 

Potassium 136°  ^  Qay-Lussac      and 

Sodium 190°]  Thenard 

Tin 442°    Crichton 

Cadmium 460°    Stromeyer 

Bismuth 497°)  p„- i,x^„ 

Lead e^2°[^"^^*^^ 

Tellurium  .  .  rather  less  fusible  than  lead.     Klaproth 

Arsenic undetermined 

Zinc .     773°    DanieU 

^Antimony  .     .     .    little  below  redness 

rSilver 1837°) 

Copper 1994°(Daniell 

aold 2016°  S 

Cobalt ....     rather  less  fusible  than  iron 

Iron,  cast ......     2786°    DanieU 

Iron,  malleable.) require  the  highest  heat  of  a  smith's 
Manganese    .  ./  forge 

Nickel      .    .    .    nearly  the  same  as  Cobalt 

Palladium 

Molybdenum    .... 
Uranium 


Infusible 
below  a 
red  heat 


Tungsten     . 
Chromium   . 
Titanium 
Cerium   .     . 
Osmium .     . 
Iridium  .     . 
Rhodium 
Platinum 
^Columbium 


Almost  infnsible,  and  not 
to  be  procured  in  a  but- 
ton by  the  heat  of  a 
smithes  forge,  but  fusi- 
ble before  the  oxy- 
hydrogen  blowpipe. 


Elasticity  and  Sonoronsness  are  attributes  of  the  harder  metals 
only,  and  are  more  conspicuous  in  some  of  their  alloys  than  in  the 
metals  themselves. 

•doar  and  Taste. — ^Manyof  the  metals,  when  rubbed  or  otherwise 
slightly  elevated  in  temperature,  possess  a  singular  and  charac- 
teristic odour,  and  if  applied  to  the  tongue  leave  a  peculiar  metallic 
taste.  This  property  has  been  attributed  to  the  voltaic  action 
caused  by  the  saliva  between  the  metals  and  their  impurities : 
since,  however,  similar  phenomena  present  themselves  vmen  per- 
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fectirpore  specunens  are  selected,  it  is  not  probable  that  this 

expiaiiatioii  is  correct. 
Fnicr  •€  Con«Hctlii9  Heat. — Some  of  the  metals  transmit  heat 

v^ii  much  greater  facility  than  others,  and  are  consequently  well 

idipted  for  the  manufacture  of  boilers  and  other  apparatus 
fmployed  for  the  generation  of  steam,  as  also  for  stove-pipes  and 
all  purposes  where  it  is  of  importance  that  the  heat  acquired  by 
the  metallic  surfaces  should  be  readily  communicated  to  surround- 
ing bodies. 

In  the  following  table  the  metals  are  arranged  in  the  order  of 
their  decreasing  conducting  powers,  and  opposite  to  the  name  of 
Cich  body  is  placed  the  approximative  ratio  of  the  facility  with 
which  it  transmits  heat.  (Eegnault's  Cours  Elementaire  de  Chimie,) 


Gold.    . 

.    200 

Iron 

.     .     75 

Tin  .    . 

.    64 

SUver     . 

.    195 

Zinc 

.     .    73 

Lead     . 

.    36 

Copper  . 

.     180 

spedflc  Heat. — The  amount  of  heat  required  to  raise  equal 
weights  of  the  different  metals  to  the  same  temperature  is  very 
Taiiable.  Thus,  if  we  express  by  1.000  the  quantity  of  caloric 
neoeasary  to  raise  a  pound  of  water  from  32°  Pah.  to  212**,  that 
which  must  be  supplied  in  order  to  elevate  the  same  weight  of  the 
following  metals  to  that  temperature,  will  be  as  below : — 

Gold 00324  Begnault 

saver 0-0570 

Platinum 00324        „ 

Palladium 00593         „ 

Iridium 00368         „ 

Mercury 00318  De  la Eive  and  Marcet 

Copper     .......  00950  „  „ 

Nickel 0-1086  Regnault 

Cobalt 01172  De  la  Eive  and  Marcet 

Iron 01130  Potter 

Lead 00320      „ 

Tin 00560      „ 

Zinc 00929  Newman 

Cadmium 00567  Eegnault 

Antimony 00508        „ 

Bismuth 00270  Newman 

Arsenic 00814  Eegnault 

Manganese 0*1441        „ 

Uranium 00619        „ 

Molybdenum 0-0659  De  la  Eive  and  Marcet 

Tungsten 00364  Eegnault 
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Bxpmnsloii. — Heat  has  the  property  of  remoTing  the  integral 
particles  which  constitute  a  body  to  a  greater  distance  from  each 
other.  The  substance  becomes  less  compact,  and  therefore  occu- 
pies more  space  than  it  did  preyioua  to  the  application  of  heat, — 
or,  in  otl^er  words,  it  expancb. 

The  linear  expansion  of  the  metals,  on  being  heated  from  32^ 
Fah.  to  2li2®,  is  giyen  in  the  following  table : — 

Gk>ld 0*00155155=  7^7^^  Lavoisier  &  Laplace 

Silver 000190868=  vf^th 

Platinum.     .     .     .  0*00099180  =  yrf^th  Houghton 

Palladium     ...  0*00100000  =  TiArath  Wollaston 

Copper     .     .     .     .  000171733=  ybnd  Lavoisier  ALapkce 

Iron     .....  000123504=  uirth 

Lead   .....  000284836=  jtrst  „ 

Tin  (from Malacca)  000193765=  sh^h 

Zinc  (cast)    .     .     .  0*00294167  =  -^th  Smeaton 

Zinc  (hammered)   .  000310833=  -^ni       „ 

Bismuth  ....  0*00139167=  yi^th 

Antimony     .     .     .  0*00108338=  rfyrd        „ 

Volatility. — ^All  the  metals  are  probably  more  or  less  volatile, 
although  a  certain  number  only  admit  of  being  readily  converted 
into  vapour  at  the  highest  temperatures  of  our  furnaces :  such  are 
— zinc,  cadmium,  mercury,  arsenic,  tellurium,  ^potassium,  and 
sodium.  Several  others  have  the  properhr  of  communicating 
characteristic  colours  to  flame,  and  are  theren)re  evidently  volatile 
to  a  small  extent. 
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CHEMICAL  PEOPEETIES  OP  METALS. 

Thi  sacoess  of  every  metallurgical  process  must  depend  on  the 
diemical  affinities  of  the  minerab  Ideated,  and  it  is  therefore  of 
die  utmost  importance  that  the  metallurgist  should  be  well 
acquainted  with  the  deportment  of  the  various  metals,  both  when 
eombtned  with  each  other,  and  also  when  associated  with  the  non- 
neUllic  elements. 

THB  METALS  AJSTD  OXTGEK. 

An  the  metals  may  be  made  to  combine  with  oxygen,  although 
their  affinities  for  this  body  are  extremely  different.  Some  of 
them  combine  with  it  at  aU  temperatures,  and  can  only  be  reduced 
to  the  metallic  state  with  great  difficulty ;  whilst  others  possess 
so  little  affinity  for  this  element  that  they  cannot  be  made  to 
oombine  directly  with  it,  and  a  slight  elevation  of  temperature  is 
sufficient  to  effect  a  separation. 

The  relative  affinities  possessed  by  the  different  metals  for 
03^gen  may  be  estimated  in  various  ways. 

Istly.  By  their  deportment  with  oxygen  gas,  or  common  air,  at 
ordinary  temperatures. 

2ndly.  By  the  greater  or  less  &cility  with  which  their  oxides 
may  be  reduced  to  the  metallic  state. 

Srdly.  By  their  power  of  decomposing  water  under  varying 
circumatances. 

4thly.  By  their  power  of  decomposing  water  acidulated  with 
one  of  the  stronger  acids.  In  this  way  many  metals,  such  as 
iron  and  zinc,  effect  at  ordinary  temperatures  the  decomposition 
of  water  acidulated  with  sulphuric  acid,  giving  rise  to  the  evolution 
of  hydrogen  gas.  Others,  on  the  contrary,  do  not  produce  this 
effect,  even  when  strongly  heated. 

The  decomposition  of  acidulated  water  by  a  metal  does  not 
depend  entirely  on  its  power  of  combining  with  oxygen,  but  is 
influenced  in  a  certain  degree  by  the  affinity  of  the  oxide  produced 
for  the  acid  present,  as  also  by  the  solubility  or  insolubihty  of  the 
salt  thus  formed. 

From  the  above  considerations  Begnault  divides  the  metab 
into  six  groups :  and  as  this  method  has  the  advantage  of  showing 
at  a  glance  some  of  their  most  striking  characteristics,  and  at  the 
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Bame  time  Berves  the  purpose  of  an  artificial  memory,  T  shall 
adopt  his  classification  in  the  present  treatise. 

First  Gronp. — Metals  which  have  the  property  of  absorbing 
oxygen  at  all  temperatures,  even  the  most  elevated,  and  of  decom- 
posing water  even  at  the  lowest,  producing  at  the  same  time 
abundant  evolution  of  hydrogen  gas.    These  are — 

Potassium  Lithium  Strontium 

Sodium  Barium  Calcium 

The  three  former  are  called  alkaline  metals ;  the  three  latter  are 
the  metallic  radicals  of  the  alkaline  earths. 

Second  Group. — These  metals  consist  of  such  as  absorb  oxygen 
at  the  most  elevated  temperatures,  and  of  which  the  oxides  are  not 
reduced  by  the  application  of  heat  alone :  these  metals  do  not 
sensiblv  decompose  water  at  low  temperatures,  but  do  so  very 
decidedly  when  neated  above  122°  Tab.  They  are- 
Manganese  Magnesium  Aluminum 

To  these  we  may  also  probably  add  the  following,  the  decom- 
posing power  of  which  on  water  has  not  as  yet  been  sufficiently 
studied. 

G-lucinum  Thorium  Didymium 

Zirconium  Cerium  Erbium 

Yttrium  Lanthanum  Terbium 

Third  Gronp. — Metals  which  decompose  water  at  a  red  heat,  of 
which  the  oxides  are  not  reducible  by  neat  alone,  and  which  do 
not  decompose  water  at  temperatures  inferior  to  212*^  Fah.  All 
these  decompose  water  in  the  cold  when  acidulated  by  the  stronger 
acids.    They  are — 

Lron  Chromium  Cadmium 

Nickel  Vanadium  Uranium 

Cobalt  Zinc 

The  temperature  at  which  these  decompose  water  and  absorb 
oxygen  depends  in  a  great  measure  on  the  state  of  division 
in  which  they  exist,  when  exposed  to  oxidising  influences.  Lron, 
even  when  reduced  to  the  state  of  filings,  does  not  absorb  oxygen 
with  rapidity  at  ordinary  temperatures.  If,  however,  it  be  heated 
to  dull  redness  in  pure  oxygen,  the  action  is  so  rapid  as  to  produce 
the  phenomena  of  heat  and  light.  If  the  metal  be  obtained  in  a 
still  nigher  state  of  division,  as  by  the  reduction  of  its  oxide  by 
hydrogen  gas,  its  mere  exposure  to  cold  atmospheric  air  will 
produce  the  same  effects. 

A  bar  of  iron  will  not  decompose  steam  at  ordinary  tempera- 
tures, but  iron  filings  readily  do  so  below  450^  Fah. 
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VcwCh  csr^np. — Metals  which  absorb  oxygen  at  a  red  heat,  and 
eonseqnentlj  cannot  be  reduced  to  the  metallic  state  by  heat 
alone.  These  decompose  steam  with  great  facility,  but  do  not 
eSeet  the  decomposition  of  water  in  presence  of  the  stronger 
adds.  This  latter  phenomenon  arises  from  the  circumstance  that 
the  oxides  of  these  metals  afford  but  feeble  bases,  whilst  most  of 
them,  in  the  presence  of  the  stronger  bases,  such  as  potash  and 
fioda,  act  the  part  of  acids.  From  this  cause  most  of  the  metals 
in  tiie  foUowing  list  decompose  water  in  the  presence  of  the  alkalies 
with  er<^utiou  of  hydrogen  gas. 

Tungsten  Tantalum  Tin 

Molybdenum  Titanium  Antimony 

Osmium 

To  these  we  muy  probably  add — 

Niobium  Ilmenium  Pelopiian 

vutift  c^roap. — ^Metals  which  absorb  oxygen  at  a  red  heat,  and  of 
whidi  the  oxides  are  not  reduced  by  heat  alone :  they  decompose 
water  at  extremely  elevated  temperatures  only,  and  even  then  but 
very  feebly.  These  metals  do  not  decompose  water  either  in  the 
presence  of  adds  or  alkalies.     They  are — 

Copper  Lead  Bismuth 

Stetn  Or«ap. — Metals  of  which'  the  oxides  are  reduced  to  the 
metallic  state  by  heat  alone^    These  are-^ 

Mercury  Iridium  Kuthenium 

Silver  Palladium  Gold 

Bhodium  Flatiuum 

It  may  be  here  remarked,  that  all  the  metals  of  which  the  oxides 
are  not  decomposed  by  heat  alone,  are  capable  of  decomposing 
water  at  more  or  less  elevated  temperatures.  This  arises  from  the 
drcumstance  that  water,  when  very  strongly  heated,  resolves 
itself  iatp  its  elements;  and  when  this  is  done  through  the 
medium  of  an  oxidisable  metal,  it  unites  with  the  oxygen  to  form 
an  oxide,  whilst  the  hydrogen  escapes  in  the  gaseous  form.  If, 
instead  of  such  a  metal,  a  platinum  wire,  ignited  by  the  voltaic 
pile,  be  used,  small  bubbles  of  gas  will  be  seen  to  escape,  and  these 
on  examination  are  found  to  consist  of  oxygen  and  hydrogen 
in  equivalent  proportions. 

•r  tHe  conditions  wfelch  determine  the  axidatlon  of  the  BletaJs. 
When  a  metal  unites  with  oxygen,  the  combination  is  usually 
attended  with  heat ;  if  the  action  be  very  rapid,  combustion, 
together  wi^  intense  light,  is  frequently  the  result.     The  combus- 
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tion  of  the  metals  in  oxygen  gas  goes  on  most  rapidly  when  they  are 
reduced  to  the  state  of  powder  previous  to  being  subjected  to  itB 
action,  as  in  many  instances  the  coating  of  oxide  at  first  formed 
quickly  prevents  further  change.  For  this  rea«on,  a  stout  copper 
wire,  if  heated  to  redness,  and  immersed  in  a  jar  of  oxygen,  rapidly 
becomes  covered  with  a  coating  of  oxide,  which  quickly  protects 
the  metal  from  further  action ;  but  if  copper  filings  be  treated  in 
the  same  way,  they  instantly  ignite,  and  are  converted  into  oxide 
of  copper.  If  the  oxide  produced  by  the  ignition  of  a  metal  in 
the  gas  is  Visible  at  the  temperature  obtained  by  its  combustion, 
it  wSl  be  unnecessary  to  reduce  it  to  powder,  as  the  continual 
melting  of  the  oxide  constantly  exposes  a  clean  metallic  surface 
to  the  further  action  of  oxygen.  Por  this  reason,  iron  and 
steel,  previously  heated  to  redness,  and  immersed  in  a  jar  of 
oxygen,  bum  with  great  violence,  even  when  exposed  in  large 
masses. 

The  volatile  metals,  when  similarly  treated,  bum  with  great 
rapidity,  as  the  first  application  of  heat  gives  rise  to  the  production 
of  vapours  which  are  quickly  consumed  and  as  rapidly  replaced  by 
another  portion  generated  oy  the  heat  produced  from  the  com- 
bustion of  the  first.  Many  of  the  metals  may  be  kept  iudefinitely 
exposed,  at  ordinary  temperatures,  to  the  action  of  perfectly  dry- 
oxygen  without  combination ;  but  if  moisture  be  admitted,  che- 
mical action  is  at  once  set  up,  and  the  metal  rapidly  oxidised. 
The  polish  of  a  bar  of  iron  is  not  impaired  by  being  kept  in  a  jar 
of  dry  oxygen,  but  a  moist  atmosphere  soon  produces  a  deposit  of 
oxide  wmch  rapidly  increases,  and  finally  destroys  it.  In  the 
case  of  some  of  the  metals,  such  as  zinc,  the  coating  formed  is 
veiT  superficial,  and  serves  to  protect  its  surface  from  further 
action.  The  oxidation  of  many  of  the  other  metals,  on  the  con- 
trary, goes  on  after  a  certain  time  has  elapsed  with  greater 
rapidity  than  at  the  commencement  of  the  action.  This  arises 
from  the  coating  of  oxide  formed  being  in  an  electro-negative 
state  with  regard  to  the  unoxidised  metal,  and  a  voltaic  pair  is 
thus  established,  which  continues  in  action  as  long  as  there  is  any 
portion  of  unoxidised  metal  remaining. 

The  presence  of  acid  vapours  in  the  air  very  much  accelerates 
the  oxidation  of  the  metals.  When  a  piece  of  iron  is  acted  on  by 
a  humid  atmosphere,  it  is  attacked  by  oxygen  dissolved  in  the 
watery  vapour,  and  as  the  oxide  of  iron  formed  possesses  a  certain 
basic  affinity  for  water,  the  action  is  thereby  increased.  In  this 
way  iron,  and  zinc,  which  do  not  decompose  water  at  ordinary 
temperatures,  and  may  be  indefinitely  preserved  in  that  fluid 
when  deprived  of  its  dissolved  oxygen  by  boiling,  are,  by  the 
addition  of  a  few  drops  of  sulphuric  or  any  other  strong  acid, 
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Tspidly  attacked.  The  affinity  of  tbe  metal  for  oxygen  is  thus 
increased,  and  the  oxide  fonned  at  once  combines  with  the  acid 
present,  giving  rise  to  a  soluble  salt,  which,  being  dissolved  in  the 
wUer,  constantly  leaves  a  clean  metallic  surface  to  be  in  its  turn 
eoDverted  into  oxide. 

Hie  metals  of  which  the  oxides  possess  acid  properties,  such  as 
Insnnth,  tungsten,  and  antimony,  oxidise  with  more  rapidity 
when  moistened  with  alkaline  solutions  before  being  exposed  to 
the  air,  tban  if  acted  on  by  watery  vapour  alone. 

daaaUeatton  •f  the  Metallic  •xldes. — The  oxides  of  the  various 
metals  vary  extremely  in  their  properties.  8ome  of  them  act  the 
Dart  of  strong  bases,  and  in  combination  with  acids  form  weU- 
defined  and  permanent  salts :  others,  on  the  contrary,  possess  acid 
properties,  and  themselves  combine  with  other  metaUic  oxides  to 
mnn  aalts  of  more  or  less  stability ;  whilst  a  third  class  exhibit 
such  feeble  affinities  that  they  sometimes  act  as  bases,  and  at 
otbers  as  acids.  Alumina  may  be  given  as  an  example  of  this 
description  of  oxides.  Another  class  consists  of  what  may  be 
called  exiceptional  oxides.  These  neither  mute  with  acids  or 
alkalies,  but  in  presence  of  the  stronger  acids  abandon  a  portion 
either  of  their  oxygen  or  their  metal,  and  form  salts.  The  peroxide 
of  manganese  Mn  O2  is  of  this  class,  and  when  heated  with 
strong  sulphuric  acid  gives  up  half  its  oxygen  in  the  gaseous 
state,  and  forms  the  sulphate  of  the  protoxide  of  manganese, 
linO,  SO,.  The  suboxide  of  lead,  Pba  O,  on  the  contrary,  gives 
up  half  its  metal  when  acted  on  by  an  acid,  and  gives  rise  to 
aalta  of  the  protoxide  of  the  form  PbO,  M,  in  which  M  repre- 
sents an  acid.  A  similar  decomposition  is  frequently  effected 
in  these  oxides  by  heating  them  with  some  of  the  stronger 
fixed  bases.  In  this  way  the  oxide  of  mans^anese  Mn  O2,  is 
converted  into  the  sesqui-oxide  Mn,  O3,  and  manganic  acid 
Mn  Oj,  which  combines  with  the  base  present.  Thus,  if  potash 
be  the  base  employed,  the  reaction  is  expressed  by  the  following 
equation: — 

3  (Mn  Oj)  +  KO  =  Mua  0,  +  KO,  Mn  0, 

The  basic  metallic  oxides  are  also  frequently  found  to  combine 
with  the  higher  oxides  of  the  same  metal  possessing  acid  proper- 
ties, and  thus  form  a  series  of  salts  in  which  different  oxides  of 
the  same  metal  act  the  part  of  acid  and  alkali  The  oxides  of 
iron  Fe,  O4,  of  manganese  Mn,  O4,  and  of  chronium  Cr,  O4,  are 
examples  of  these  compound  or  saline  oxides,  and  should  be 
expressed  by  the  formulae — FeO,  FcaOs ;  MnO,  MusO,,  and  Cr  O, 
CTiO^  The  brown  oxide  of  chromium  CrO,,  and  antimonious 
aeid  Sb  O^  are  both  compounds  of  this  class,  and  should  be 
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expressed  by  tbe  formuLe — Cr,  Oj,  Cr  O^  =  8  (Cr  0,)  and  Sb,  O,, 
Sb,  0,  =  4(SbOO.' 

Some  of  the  metals  form  a  great  variety  of  compounds  with 
oxygen ;  and  manganese  in  particular  furnishes  remarkable  exam- 
ples of  each  of  the  oxides  above  described.  Mn  O  the  protoxide 
of  manganese  is  a  powerful  base.  Muj  O3  is  an  indifferent  oxide^ 
sometimes  behaving  as  a  base,  and  sometimes  as-  an  add. 

The  peroxide  Mn  0^  is  an  example  of  an  exceptional  oxide,  and 
is  decomposed  by  an  acid  into  the  protoxide,  which  combinea  with 
it  to  form  a  salt,  and  into  oxygen  gas  which  escapes.. 

The  oxide  Mn^  O4  is  a  compound  oxide  or  manganite  of  oxide  of 
manganese,  and  should  be  written  MnO,  Mn^  O^. 

Lastly,  Manganic  acid  Mn  O3,  and  hypermanganic  acid  Mn  O^, 
combine  with  the  bases,  and  form  numerous  and  well-defined  salts. 

PreparatloiioftlfteBletalUeaxldes. — The  metallic  oxides  are  va- 
riously prepared.  Many  metals  absorb  oxygen  on  being  heated  in 
presence  of  common<  air  or  oxygen  gas.  In  the  same  way  some  of 
the  lower  oxides  are  made  to  combine  with  a  further  portion  of 
oxygen.  The  protoxide  of  manganese  Mn  O  heated  in  contact 
with  air  is  converted  into  sesqui-oxide  Mus  Og.  The  protoxide  of 
barium,  or  baryta,  heated  to  a  tempesature  of  about  700°  Fah.  ia 
an  atmosphere  of  oxygen,  abBorbs  another  equivalent  of  the  gas  ; 
but,  if  the  temperature  be  elevated  much  above  this  point,  pro- 
toxide of  barium  is  again  formed. 

By  exposure  to  heat  many  of  the  higher  oxides  lose  a  portion, 
of  tneir  oxygen.  The  peroxide  of  lead  Pb  O3,  and  the  sesqui- 
oxides  of  nickel  and  cobalt  Ni^  O3  and  C02  O3,  are  by  this  means 
converted  into  the  protoxide  Pb  O;  Ni  0,  and  Co  O.  On  this 
fact  also  depends  one  of  the  most  common  methoda  of  making 
oxygen ;:  as,  when  the  peroxide  of  manganese  Mn  Os  is  heated  to 
redness,  it  gives  off  a  part  of  its  combined  gas,  and  leaves  the 
sesqui-oxide  of  manganese  Mn^  Os  in  the  retort. 

The  oxides  of  some  of  the  metals,  and  particularly  those  which 
possess  acid  properties,  are  frequently  to  be  obtained  by  heating  the 
metal  with  substances  which  easily  yield  their  oxygen.  If  pow- 
dered antimony  be  thrown  into  a  red-hot  crucible  containing  fused 
nitrate  of  potash,  this  salt  will  be  decomposed  with  the  formation 
of  antimoniate  of  potash,  which,  on  being  decomposed  by  an  acid, 
deposits  antimonic  acid  Sbs  0$.  In  the  same  way,  by  fusing 
oxide  of  chromium  with  nitre,  chromate  of  potash  is  obtained,  from 
which  the  chromic  acid  Cr  O3  is  readily  separated  by  the  addition 
of  sulphuric  acid. 

Many  of  the  higher  oxides  are  obtained  by  heating  either  the 

^  Some  chemiitfl  double  the  eqaiyal6nt  of  antimony,  and  make  the  protoxide 
SbOs. 
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metal  or  a  lower  oxide  with  nitric  acid,  and  then  evaporating  to 
drnieeau  Some  of  the  metals,  such  as  tin  and  antimony,  leave  an 
insdnUe  peroxide  in  a  free  state  when  thus  treated.  Others,  and 
these  are  by  far  the  greater  number,  form  nitrates,  which,  on 
heing  heated  to  redness,  are  decomposed,  and  a  metallic  peroxide 
isl«ft. 

All  the  carbonates,  except  those  of  the  metals  of  the  first  group, 
are  decomposed  at  high  temperatures,  giving  rise  to  the  evolution 
of  gaseous  carbonic  acid,  and  the  production  of  a  free  oxide.  In 
this  way,  lime,  barytes,  and  strontia  are  obtained,  by  calcining 
tbeir  respective  carbonates ;  and  the  carbonate  of  lead,  similarly 
treated,  will  be  found  to  yield  its  carbonic  acid  with  still  greater 
bcility. 

W^en  heated  to  redness  in  a  current  of  hvdrogen  gas,  many  of 
the  higher  oxides  are  reduced  to  the  metafile  state ;  others  are 
merely  converted  into  protoxides,  and  resist  all  further  efforts  at 
reduction  by  this  means. 

The  metallic  oxides  can  frequently  be  prepared  by  precipitation 
from  their  salts,  through  the  medium  of  an  alkalme  base,  or 
ammonia.  If  we  pour  caustic  potash  into  a  solution  of  proto- 
sulphate  of  iron,  a  precipitate  of  hydrated  protoxide  of  iron  will 
be  obtained.     The  loUowing  equation  will  explain  the  reaction, — 

FeO,  SO,  +  KO,HO  =KO,SO,  +  Fe  0,  HO 

If  the  protochloride  of  iron  were  employed,  the  reaction  would  be 
as  follows, 

Fe  a  +  K:0,H0  =  KCI  +  FeO,HO 

The  same  reagent  produces  in  solutions  of  the  sesquioxide,  the 
following  changes, 

Fe,  0„  3  SO,  +  3  KO,HO  =  3  (KO,  SO,)  +  Fe,  0„  HO 
Fe,  CI,  +  8  K:0,H0  =  3  (K  CI)  +  Fe,  0„  HO 

Here  the  protoxide  of  iron  is  replaced  by  the  sesquioxide  con- 
tained in  the  salt,  which  like  the  former  is  precipitated  in  a 
hydrated  state.  On  heating  the  hydrated  protoxide  of  iron,  the 
water  is  expelled,  and,  from  the  absorption  of  oxygen,  anhydrous 
aeaqui-oxide  of  iron  remains. 

The  peroxide  of  hydrocen  is  sometimes  employed  for  the 
oxidation  of  those  bases  which  resist  less  energetic  means,  and  in 
this  way  the  peroxide  of  calcium,  and  some  other  peroxides,  are 
obtained. 

Actt«ii  mi  the  BOiuiiietaUic  elements  on  the  axldes.  •xyyen  and 
I. — The  lower  metallic  oxides  usually  combine  with  a 
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fiirther  portion  of  oxygen  when  exposed  to  the  air.  Insome  instance^ 
this  takes  place  at  ordinary  temperatiires  and  in  a  dry  atmos- 
phere, but  tne  action  is  much  accelerated  either  by  the  presence 
of  water  or  the  application  of  heat.  The  precipitated  hydrates  of 
the  protoxides  of  iron  and  manganese,  are  rapidly  conyerted,  by 
exposure  to  the  air,  into  the  hydrates  of  the  sesqui-oxides  of  those 
metals.  In  other  instances  a  certain  heat  is  required  to  produce 
this  effect.  Thus  the  protoxide  of  lead,  when  heated  to  about 
720°  Eah.,  is  converted  into  a  higher  oxide  (minium),  which  is 
again  decomposed  into  protoxide  if  the  heat  be  raised  much  above 
that  point. 

Hydroffen  and  the  •xides. — The  oxides  of  all  the  metals,  except 
those  of  the  two  first  groups,  are  reduced  to  the  metallic  state  by 
the  combined  action  of  heat  and  hydrogen  gas.  Those  of  the 
sixtli  group  are  decomposed  by  it  at  temperatures  little  superior 
to  the  boiling  point  of  water,  although  a  red  heat  is  required  for 
the  reduction  of  the  other  oxides.  On  passing  a  current  of 
hydrogen  gas  over  peroxide  of  iron  heated  to  redness  in  a  por- 
celain tube,  decomposition  takes  place.  Hydrogen  combines  with 
the  oxygen  of  the  oxide,  forming  water,  which  is  driven  off,  and 
metallic  iron  remains  in  the  tube.  K,  on  the  contrary,  iron  filings 
are  placed  in  the  heated  tube,  and  the  vapour  of  water  passed 
over  them,  the  decomposition  gives  rise  to  hydrogen  gas  and 
peroxide  of  iron.  These  experiments,  if  isolated,  would  lead  to 
very  different  conclusions.  From  the  first  we  should  infer 
that  oxygen  has  a  greater  affinity  for  hydrogen  than  for  iron, 
whilst  it  would  appear  from  the  latter,  that  oxygen  has  a  greater 
affinity  for  the  metal  than  for  the  gas.  This  apparent  anomaly  is 
accounted  for  by  supposing  the  decomposition  to  be  influenced  by 
the  relative  quantities  of  the  bodies  present.  Thus,  in  the  former 
instance,  every  atom  of  oxide  being  at  a  given  time  within  the 
influence  of  a  great  number  of  atoms  of  hydrogen,  it  is  decom- 
posed by  it ;  whilst  in  the  latter  case  the  metsdlic  particles  may 
be  regarded  as  being  present  in  greater  quantity,  as  those  of  the 
hydrogen  will  be  carried  off  as  soon  as  generated,  by  the  current 
of  watery  vapour,  and  cannot  therefore  act  as  a  reducing  agent  on 
the  metallic  oxide.  From  these  considerations  it  is  evident  that 
the  relative  proportions  of  metal  and  watery  vapour  should  vary 
both  with  the  temperature  and  rapidity  of  the  current,  and  that  a 
point  must  exist  at  which,  from  the  equal  balance  of  the  two,  no 
action  can  take  place  either  on  the  metal  or  its  oxide. 

Carbon  and  the  aaJdes. — All  the  oxides  which  are  decomposed  by 
hydrogen  are  also  reduced  to  the  metallic  state  by  carbon,  and 
potassa  and  soda,  which  are  not  reduced  by  hydrogen,  are,  at 
very  elevated  temperatures,    deprived  of  their  oxygen  by  the 
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ictkm  of  carbon,  carbonic  acid  and  carbonic  oxide  gases  being 
CTolrei 

icttai  of  Sulpfeiir  on  the  •xldes. — Wben  the  oxides  of  metals 
ci  the  first  group  are  heated  in  contact  with  sulphur,  decompo- 
ation  ensues,  and  a  mixture  of  sulphate  and  sulphuret  is  pro- 
duced. If  carbon  in  any  form  be  present,  its  affinity  for  oxygen 
determines  the  decomposition  of  the  sulphates,  and  sulphurets 
akme  are  formed. 

The  oxides  of  the  metals  of  the  second  class  are  not  affected  by 
being  heated  with  sulphur,  but  many  of  them  may  he  transformed 
into  sulphurets,  by  being  mixed  with  finely  diviaed  charcoal,  and 
ifterwards  suhjected,  at  a  high  temperature,  to  the  action  of 
sulphur  vapour.  The  oxides  of  the  metals  of  the  four  last  groups 
are  all  converted  into  sulphurets,  with  formation  of  sulphurous 
aeid  gas,  by  the  action  of  sulphur  at  a  high  temperature.  Some  of 
them,  however,  require  the  addition  of  carbon^  and  are  not  affected 
unless  the  vapour  of  sulphur  is  passed  over  them  when  thus 
prepared. 

CU*rlBe  and  the  MetaUlc  axldes. — The  changes  produced  by  the 
reaction  of  chlorine  on  the  metallic  oxides  vary  with  the  circum- 
stances under  which  they  are  brought  into  contact  with  each 
other.  All  the  oxides,  with  the  exception  of  a  few  belonging  to 
the  second  group,  are  converted  into  chlorides  by  the  action  of 
dry  chlorine  gas.  Considerable  elevation  of  temperature  is,  how- 
ever, sometimes  necessary  to  effect  this  decomposition,  and  the 
action  is  usually  much  accelerated  by  the  addition  of  a  portion  of 
powdered  charcoal.  The  best  method  of  converting  the  metallic 
oxides  into  chlorides  is  to  mix  them  intimately  with  lamp-black 
and  oil,  and  when  the  mass  has  assumed  the  proper  consistence 
it  is  divided  into  small  pellets  of  the  size  of  peas.  These  are  in- 
troduced into  a  large  porcelain  tube,  heated  to  redness,  through 
which  chlorine  is  passea,  and  by  this  means  the  oxides  of  all  the 
metals  may  be  converted  into  chlorides.  In  this  reaction  the 
affinity  of  carbon  for  oxygen  assists  that  of  the  chlorine  for 
the  metal,  and  the  results  are  carbonic  oxide  and  a  metallic 
chloride. 

If  the  oxides  are  held  in  solution  or  suspension  in  water,  very 
different  results  are  obtained ;  the  products  often  vary  according 
to  the  temperature  and  strength  of  the  solution  employed.  When 
chlorine  gas  is  passed  into  a  weak  solution  of  potash,  the  tem- 
perature of  which  is  prevented  firom  rising  by  means  of  a  freezing 
mixture,  or  otherwise,  a  reaction  is  set  up  between  two  atoms  of 
potash  and  two  of  chlorine,  attended  by  the  production  of  one 
equivalent  of  hypochlorite  of  potash,  and  one  of  chloride  of 
potassium. 
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Should  a  strong  solution  of  potash  be  employed,  and  the  tern* 
perature  be  allowed  to  rise,  six  equivalents  of  potash  and  six  of 
chlorine  will  react  on  each  other,  yielding  one  atom  of  chlorate 
of  jpotafih,  and  five  of  chloride  of  potassium :  thus  6  KO  +  6  CI  = 
KO,  CI  Og  ■*•  6  K  CI.  The  same  occurs  with  the  oxides  of  all  the 
metals  of  the  first  group,  but  the  production  of  the  chlorates  is 
found  to  be  more  rapid  at  moderate  temperatures  than  when  the 
solution  is  permitted  to  boil^ 

With  the  exception  of  the  oxides  of  manganese  and  magnesium, 
the  metals  of  the  second  class  are  not,  when  held  in  suspension  or 
solution  in  water,  decomposed  by  a  current  of  chlorine  gas. 

Chlorine  transforms  the  oxides  of  the  metals  of  the  third  clafis, 
when  held  in  suspension  in  water,  at  first,  into  proto-chlorides  and 
peroxides ;  but  if  the  action  be  long  continued,  a  mixture  of  per- 
chloride  and  peroxide  will  be  the  result.  The  sesqui-oxides  oTthe 
metals  of  this  class,  suspended  in  water,  are  not  acted  on  by 
chlorine,  except  in  presence  of  an  alkali.  When  the  sesqui-oxide 
of  iron,  Fe2  Oa,  suspended  in  a  solution  of  potash,  is  thus  treated, 
it  takes  up  an  additional  quantity  of  oxygen  at  the  expense  of  the 

Potash,  and  chloride  of  potassium  and  ferrate  of  potash  are  formed, 
*he  following  equation  will  explain  this  decomposition, 

Fe,  O,  +  6  KO  -f  3  a  =  2  (KO,  Fe  0,  -f  3  K  CI. 

The  oxides  of  the  metals  of  the  three  last  groups,  when  suspended 
in  water,  resist  the  action  of  chlorine.  The  action  of  iodine  and 
bromine  on  the  metallic  oxides  very  closely  resembles  that  of 
chlorine  on  the  same  compounds. 

Aetliin  of  Ghlnrhie  iiii  the  BfeuOs. — Chlorine  unites  with  all  the 
metals,  at  temperatures  more  or  less  elevated.  Minute  division 
very  much  accelerates  this  combination,  and  in  manv  instances 
causes  the  action  to  be  so  rapid  as  to  be  attended  by  the  ignition 
of  the  metal.  Powdered  copper,  antimony,  and  arsenic,  bum  when 
thrown  into  a  jar  of  chlorme ;  mercury  and  iron  infiame  when 
slightly  heated  in  it,  whilst  it  is  quietly  absorbed  by  gold,  silver, 
and  platinum.  The  metallic  chlorides  differ  extremely  in  their 
physical  and  chemical  properties.  They  exist  of  almost  eveiy 
colour.  Some  of  them  are  decomposed  by  heat,  whilst  others  are 
not  affected  by  it.  Some  are  soluble  in  water,  and  others  are 
totally  insoluble.  Some  are  permanent  in  the  air,  whilst  others 
are  deliquescent.  Many  of  them  decompose  water,  and  give  rise 
to  an  oxide  and  hydrochloric  acid ;  others,  on  the  contrary,  are  in 
no  way  affected  by  moisture. 

The  methods  employed  for  the  preparation  of  the  various 
chlorides  differ  according  to  the  state  in  which  the  metal  exists, 
wd  has  also  reference  to  the  properties  of  the  chloride  formed. 
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AH  the  metals  may  be  made  to  cembine  with  chlorine,  by  heating 
them  in  a^  current  of  that  gaa.  This  arises  not  only  irom  the 
affinity  possessed  by  chlorine  for  metallic  bodies,  but  the  action  is 
also  moch  aided  by  the  fusibility  of  the  resulting  compounds,  as  the 
eU^Rides  being  all  more  or  less  fosible,  constantly  leave  exposed  a 
dean  surface  for  the  ftirther  action  of  the  gas. 

The  soluble  chlorides  are  generally  prepared  by  dissolving  the 
metal  in  hydrochloric  acid,  which  is  attended  by  the  evolution  of 
hydrogen  gas.  The  protochkxrides  of  the  metals  of  the  third  group 
are  easily  prepared  m  this  way.  The  melbais  of  the  fiifth  group  do 
not,  even  at  the  boiling  pomt,  effect  the  decomposition  of  hydro- 
chloric acid,  but,  if  nitnc  acid  be  added,  a  chloride  is  at  once 
formed.  When  the  metals  of  the  third  group  are  thus  treated, 
biehloridea  are  produced. 

The  insoluble  chlorides  are  usually  obtained  bv  precipitation 
firom  a  soluble  salt  of  the  metal.  Thus  chloride  of  silver  is  pre- 
dpitsted  from  the  soluble  nitrate  of  silver  by  the  addition  of 
hydrochloric  add,  common  salt,  or  of  an  aqueous  solution  of 
chlorine,  and  is  therefore  employed  by  the  chemist  as  a  delicate 
test  for  the  presence  of  that  body. 

The  metallic  chlorides,  with  the  exception  of  those  of  gold  and 
platinum,  and  probablv  a  few  others  belonging  to  the  same  group, 
are  not  decomposed  by  the  application  of  heat  alone,  although 
some  of  them  are  very  volatile,  and  may  be  distilled  from  one 
Tesael  into  another,  without  undergoing  any  further  change. 

Actliiii  Of  •xyyen  iiii  the  Metallic  Clilorides. — Oxygen  produces 
no  change,  even  at  a  red  heat,  on  the  chlorides  of  metals  of  the 
first  group.  Those  of  the  second,  third,  fourth,  and  fiflh  groups, 
are,  on  the  contrary,  changed  into  oxides,  when  heated  to  redness 
in  a  current  of  oxygen.  The  chlorides  of  the  metals  of  the  sixth 
group,  which  are  decomposed  by  heat  alone,  are  also  decomposed 
when  heated  in  a  current  of  oxygen,  but  do  not  absorb  any  of 
that  gas.  Those,  on  the  contrary,  which  are  not  affected  by  heat 
alone,  remain  unchanged  in  a  current  of  oxygen  gas. 

Aeti«]i  ofHydrnireii  on  the  BfetalUc  Chlorides. — The  chlorides  of 
the  metals  of  the  two  first  groups  are  not  decomposed  at  any  tempe- 
rature by  hydrogen  gas.  All  those  of  the  four  last  groups  are 
decomposed  by  hydrogen  at  a  red  heat,  with  evolution  of  hydro- 
chloric add.  Carbon  produces  no  visible  effect  on  the  metallic 
ddorides. 

SULPHTTB  AITD  THE  METALS. 

Sulphur  combines  with  all  the  metals ;  and  the  resulting  sul- 
phnrets,  except  a  few  among  those  of  the  sixth  group,  are  not 
aflfected  by  the  application  of  heat  alone. 
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The  sulpliiirets,  or  sulpliides,  are  prepared  in  many  ways: 
Istly,  by  heating  the  metal  in  a  fineljr  divided  state  in  a  close 
vessel  containing  sulphur,  or  by  passmg  the  vapour  of  sulphur 
over  the  metals,  heated  to  redness  m  a  porcelain  tube.  The  action 
produced  by  this  means  is  frequently  so  rapid  that  ignition  of  the 
metal  ensues ;  and  when  copper,  bismuth,  lead,  or  iron  filings  are  so 
acted  on,  the  combination  is  attended  with  vivid  combustion.  If 
sodium  or  potassium  be  substituted  for  the  metals  above  enume- 
rated, their  conversion  into  sulphurets  takes  place  with  equal 
violence. 

2ndly,  By  heating  a  mixture  of  the  metallic  oxides  and  sulphur, 
in  whicn  case  sulphurous  add  is  evolved,  and  the  sulphuret  formed 
remains  in  the  crucible. 

3dly,  By  calcining  a  mixture  of  the  metallic  oxide  with  sulphur 
and  alkaline  carbonates  in  a  crucible  lined  with  charcoal.  In  this 
operation  the  carbonate  of  potash  or  soda  employed  is  first  con- 
verted into  a  polysulphuret,  which,  at  an  elevated  temperature,  is 
decomposed,  and  the  sulphur  thus  set  free  combines  with  the 
metal  reduced  by  the  carbon  present.  When  the  oxides  of  the 
metals  of  the  fourth  group  are  thus  treated,  electro-negative 
sulphurets  are  formed,  and  these  combining  with  those  of  the 
alkalies  present,  constitute  a  sulphur  salt. 

4thly,  By  decomposing  the  metallic  sulphates,  either  by  heating 
them  with  a  mixture  of  charcoal,  or  by  passing  a  current  of 
hydrogen  gas  over  them  when  heated  to  redness  in  a  porcelain  or 
hard  glass  tube. 

5tfly,  By  the  action  of  sulphuretted  hydrogen  in  solutions  of 
the  metallic  salts.  This  affords  an  easy  method  of  obtaining  the 
sulphurets  of  the  metals  of  the  third  group. 

6thly,  Bv  the  action  of  sulphuret  of  ammonium,  or  some  other 
alkaline  sulphuret,  on  the  soluble  metallic  salts.  This  method  is 
applicable  to  the  salts  of  the  metals  of  the  third  group  which  are 
not  decomposed  by  the  action  of  sulphuretted  hydrogen  only. 

When  sulphate  of  the  protoxide  of  iron  is  thus  treated  with 
sulphuret  of  potassium,  the  following  reaction  takes  place, — 

FeO,S08+KS=KO,S03+reS. 

When  salts  of  the  metals  of  the  fifth  group  are  acted  on  by  a 
solution  of  sulphuret  of  ammonium,  the  first  effect  produced  will 
be  to  throw  down  the  sulphurets  of  those  metals ;  but  on  subse- 
quently adding  a  further  quantity  of  the  precipitant,  the  sulphurets 
at  first  thrown  down  will  be  re-dissolved,  and  a  soluble  sulphiuv 
salt  formed. 

AcUon  of  the  Non-metalUe  Elements  on  the  Snlphnrets. — ^When 
the  sulphiirets  of  the  metals  of  the  first  group  are  exposed  to  the 
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combined  action  of  heat  and  oxygen,  both  the  metal  and  the 
sulphur  become  oxidized,  and  combining  with  each  other  in  their 
modified  states  are  converted  into  metallic  sulphates. 

The  sulphuret  of  magnesium,  which  is  a  metal  belonging  to  the 
second  group,  is  similarly  converted  into  sulphate  of  magnesia ; 
but  the  sulphuret  of  manganese,  a  member  of  the  same  section, 
is,  on  the  contrary,  decomposed  by  the  action  of  this  gas.  In 
this  case  the  products  of  the  decomposition  vary  with  the  tem- 
perature at  which  it  is  effected.  If  the  heat  employed  be  con- 
siderable, the  sulphur  is  entirely  expelled  in  the  state  of  sulphurous 
acid,  and  the  metal  remains  in  the  state  of  oxide.  When  a  lower 
temperature  is  employed,  a  certain  quantity  of  sulphate  is  formed 
afc  the  same  time,  and  the  product  consists  of  a  mixture  of  sulphate 
and  oxide  of  the  metal. 

The  sulphurets  of  the  third  and  fifth  groups  behave,  when  heated 
"with  oxygen,  precisely  like  the  sulphuret  of  manganese.  Those 
of  the  metals  of  the  fifth  group  are  entirely  converted  into  oxides, 
whilst  the  sulphur  escapes  as  sulphurous  acid  gas. 

Lastly,  the  sulphurets  of  the  sixth  group  are  reduced  to  the 
metallic  state  when  heated  in  contact  with  oxygen,  as  the  sulphur 
goes  off  in  the  form  of  sulphurous  acid,  and  the  uncombined  metal 
remains.  Most  of  the  metallic  sulphurets  become  converted  into 
sulphates  when  exposed  for  a  long  period  to  the  combined  action 
of  air  and  moisture,  and  in  this  way  many  of  the  mineral  ores  are 
naturally  though  slowly  converted  into  soluble  salts. 

SELESIVM  AJSD  THE  METALS. 

Selenium  acts  on  the  metals  with  nearly  the  same  phenomena 
as  sulphur ;  the  seleniurets  are,  however,  of  much  less  frequent 
occorrence  in  nature  than  the  sulphurets,  and  are  consequently  of 
very  secondary  importance  to  the  metallurgist.  They  may  be 
prepared  either  by  passing  a  ciurent  of  seleniuretted  hydrogen 
through  a  solution  of  metallic  salts,  or  by  heating  the  metals 
directly  with  selenium. 

PHOSFHOBITS  AlTD  THE  METALS. 

Mamr  of  the  metallic  phosphurets  are  natural  productions  some- 
times n>und  in  considerable  abundance.  They  may  be  prepared 
artificially  in  three  different  ways : 

Ist,  By  heating  a  mixture  of  phosphorus  and  the  metal,  or  by 
projecting  phosphorus  into  a  crucible,  in  which  the  metal  is  held 
m  a  state  of  fusion. 


Digitized  by 


Google 


28  CHEMICAL  FBOFEETIES  OP  METAXS. 

2ndl7,  By  beating  a  mixture  of  phosphoric  acid  and  charcoal 
with  a  metal  or  its  oxide. 

Srdlv,  Bypassing  a  current  of  phosphuretted  hydrogen  through 
a  solution  of  the  metallic  salts.  But  few  of  the  phosphiirets  can, 
however,  be  obtained  by  the  humid  process,  as,  when  phos- 
phuretted hydrogen  gas  is  passed  through  metallic  solutions, 
either  a  peculiar  compound  is  obtained,  as  is  the  case  with  the  salts 
of  the  protoxide  of  mercury,  or  the  metal  is  reduced  to  the  metallic 
state,  as  when  gold  and  silver  salts  are  thus  treated ;  or  no  change 
is  produced  by  its  action,  as  happens  with  by  far  the  greater 
portion  of  the  metallic  salts.  The  phosphurets  have  generally  a 
metallic  lustre  and  crystalline  texture.  Those  of  the  metals  of 
the  first  group  are  decomposed  by  water  with  evolution  of  spon- 
taneously inflammable  phosphuretted  hydrogen,  and  the  formation 
of  their  respective  oxides. 

Nitrogen,  cyanogen,  and  boron,  may  also  be  made  to  cx)mbine 
with  the  metals,  but  their  compounds  are  of  but  little  importance 
to  the  metallurgist,  and  may  consequently  be  passed  over  without 
remark, 

OP  THE  COMBIWATIOIf 8  OP  THE  METALS  WITH  BACH  OTHEH. — 
ALLOTS. 

The  metals,  with  but  few  exceptions,  are  capable  of  combining 
with  each  other,  and  thereby  forming  a  class  of  compounds  pos- 
sessing more  or  less  the  properties  of  their  several  constituents. 
Alloys  are  generally  more  fusible  and  harder  than  the  metals 
which  enter  into  their  composition ;  and  as  these  properties  may 
be  regulated  according  to  tne  relative  amount  of  the  various  metals 
employed,  an  infinite  number  of  modifications  may  be  thus 
obtained.  Copper  is  very  malleable  and  ductile,  but  is  difficult  to 
ftise,  and  for  many  purposes  does  not  possess  the  requisite  hard- 
ness. In  many  instances  these  defects  may  be  obviated  by  the 
addition  of  one-third  of  its  weight  of  zinc,  which,  without  much 
impairing  its  malleability,  renders  it  fusible,  heightens  its  colour, 
and  at  the  same  time  communicates  to  it  a  proper  degree  of  hard- 
ness. In  the  manufacture  of  cannon,  a  mixture  is  required  not 
only  sufficiently  hard  to  withstand  the  firiction  of  the  shot  during 
its  passage  through  it,  but  also  capable  of  resisting  the  corrosive 
action  of  the  procmcts  arising  from  the  combustion  of  gunpowder. 
It  should  likewise  possess  considerable  toughness,  without  which 
the  gun  would  be  liable  to  burst.  In  many  cases,  and  particularly 
for  battery  use,  cast  iron  is  employed,  but  when  guns  are  required 
to  be  moved  from  place  to  place,  the  brittleness  of  that  metal 
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Ijecomes  a  serious  objection,  as,  unless  made  very  thick  and  heavy, 
they  would  not  be  capable  of  withstanding  the  explosive  force  to 
winch  they  are  subjected.  K  copper  were  employed,  it  would  in 
the  first  plaee  be  extremely  difficult  to  mould,,  as,  from  the  high 
temperature  required  for  the  fusion  of  that  metal,  it  is  liable  to 
^and  produce  air-holes  in  the  casting;  and,  in  the  second, 
irould  soon  wear  out,  if  made,  from  the  rebound  of  the  shot  in 
passiDg  from  the  breech  to  the  muzzle  dimng  its  discharge. 

Bv  the  addition  of  ten  parts  of  tin  to  ninety  parts  of  copper, 
an  alloy  is  obtained  which  answers  all  these  conditions,  and  is  also 
used  under  the  name  of  bronze,  for  the  manufacture  of  statues, 
and  for  various  other  ornamental  purposes. 

For  printers'  type  an  alloy  is  required  at  the  same  time 
hard,  frisible,  and  which  does  not  materially  contract  in  cooling. 
Lead,  which  is  a  frisible  metfd,  is  evidently  unfitted  for  this  pur- 
pose by  its  softness,  whilst  zin(r  and  bismuth  are  too  liable  to 
break  under  the  pressure  to  which  the  types  are  exposed  in  the 
process  of  printing.  By  combining,  however,  twentv  parts  of 
antimony  and  eighty  of  lead,  an  alloy  is  produced  whicn  mlfils  all 
these  conditions,  and  furnishes  us  at  a  cheap  rate  with  a  material 
admirably  adapted  for  the  purpose  intended. 

It  has  long  been  a  disputed  question  whether  the  alloys  are 
chemical  combinations  of  metals  in  definite  proportions,  or 
merely  mechanical  mixtures,  nvdthout  regard  to  their  atomic  rela- 
tions. It  is,  however,  probable  that  they  are,  in  all  cases,  com- 
bined according  to  the  laws  of  chemical  affinity.  Berzelius  has 
observed  that  the  acidifiable  metals  have  the  greatest  tendency  to 
combine  with  those  which  produce  salifiable  bases,  and  that 
antimony,  arsenic,  and  tellurium,  form,  with  the  other  metals, 
definite  compounds  analogous  to  their  native  sulphurets  and 
phosphurets.  Many  of  the  alloys,  both  natural  and  artificial,  are 
also  found  to  be  capable  of  assuming  a  cirstalline  form,  and  this 
property  may  frequently  be  employed  fortne  purpose  of  separating 
tlie  truly  chemical  alloy  from  the  mechanical  admixture  caused  by 
the  excess  of  one  of  its  constituents. 

It  has  been  before  stated,  that  by  alloying  the  metals,  we 
obtain  compounds  possessed  of  very  different  ductility,  malleability, 
hardness,  and  colour,  from  those  belonging  to  the  bodies  which 
enter  into  their  composition ;  thus  gold  and  lead,  and  gold  and 
tin,  form  brittle  alloys ;  and  a  minute  quantity  of  arsenic  added  to 
copper  renders  it  white.  It  ia  also  to  be  observed  that  an  alloy 
composed  of  two  metals  has  seldom  a  density  corresponding  to 
the  mean  which  should  be  obtained  by  calculation  from  the 
relative  amounts  and  specific  gravities  of  its  constituents. 
The  following,  table,  from  Thenard  (Traits  de  Chimie,  Vol.  i, 
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p.  394,)  shows  in  what  cases  the  specific  gravities  of  the  com- 
pounds are  superior,  and  when  inferior  to  the  mean  of  the  com- 
bined metals. 


Alloys  poBsessed  of  greater  specific 

Alloys  having  a  speciflo  gravity  in- 

gravity than  the  mean  of  their 

ferior  to  the  mean  of  their  com- 

components. 

ponents. 

Gold  Mid  Zinc 

Gk)ld  and  Silver 

„        Tin 

„         Iron 

„        Bismuth 

„        Lead 

„         Antimony 
„        Cobalt 

„         Cooper 
„        Indium 

Silver  and  Zinc 

Nickel 

„        Lead 

Silver  and  Copper 

„        Tin 

Copper  and  Jj&oA 

„        Bismuth 

Iron  and  Bismuth 

„        Antimony 

„      Ajitimony 

Copper  and  Zinc 

„      Lead 

„          Tin 

Tin  and  Lead 

„          Palladium 

„       Palladium 

„          Bismuth 

„       Antimony 

„          Antimony 

Nickel  and  Arsenic 

Lead  and  Bismuth 

Zinc  and  Antimony. 

„        Ajitimony 
Platinum  and  Molybdenum 

Palladium  and  Bismuth 

AJloys  are  generally  more  oxidisable  than  their  constituents 
taken  singly.  This  probably  arises  ifrom  the  circumstance  of  one 
of  the  metals  being  electro-negative  with  respect  to  the  others,  by 
which  means  electric  action  is  set  up,  and  the  more  positive  metal 
rapidly  oxidised. 

The  action  of  acids  on  alloys  varies  according  to  the  relative 
amounts  of  their  constituents.  Silver  alloyed  with  a  large  quantity 
of  gold  is  protected  from  the  action  of  nitric  acid,  by  which,  imder 
orcBnary  circumstances,  it  is  rapidly  attacked.  Sometimes,  how- 
ever, the  reverse  of  this  takes  place,  and  metals  which  are  totally 
insoluble  in  certain  menstrua  are  made  to  dissolve  in  them  by  the 
addition  of  a  metal  on  which  they  have  the  power  of  acting.  In 
this  way,  platinum,  although  of  itself  insoluble  in  nitric  acid,  may 
be  dissolved  by  it  when  sufficiently  alloyed  with  silver.  Alloys 
consisting  of  two  metals,  the  one  easily  oxidisable,  the  other  pos- 
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seasing  a  less  aflBnity  for  that  element,  may  be  readily  decomposed 
by  the  combined  action  of  heat  and  air.  In  this  case  the  former 
metal  will  be  rapidly  converted  into  an  oxide,  except  perhaps  the 
last  portion,  which  may  in  some  degree  be  protected  from  further 
action  by  the  oxide  already  formed.  The  increased  afiBnity  for 
oiTgen  exhibited  by  the  more  oxidisable  metal,  in  presence  of 
another  less  affected  by  this  agent,  is  doubtless  an  electric  pheno- 
menon, and  the  action  is  in  many  cases  so  rapid  as  to  produce 
eombostion.  This  occurs  when  an  alloy  of  three  parts  of  lead  and 
one  of  tin  is  heated  in  contact  with  air. 
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THE  METALLIC  SALTS. 

The  consideration  of  this  class  of  bodies  belongs  ratber  to  tbe 
science  of  cbemistrj  tban  to  that  of  metallurgj,  and  I  shall  there- 
fore confine  myself  to  such  generalities  as  may  enable  the  student 
to  understand  the  nature  of  the  various  processes  hereafter  to  be 
described,  and  must  refer  him  for  further  information  to  the 
different  treatises  on  elementary  chemistry,  in  which  he  will  find 
this  subject  fully  discussed. 

The  compounds  hitherto  described  have  been  for  the  most  part 
the  result  of  the  binary  combination  either  of  a  metal  and  a  non- 
metallic  element,  or  of  two  metals  with  each  other.  The  salts,  on 
the  contrary,  are  usually  formed  by  the  chemical  union  of  two  binary 
compounds  possessing  opposite  electric  energies,  and  having  in 
consequence  a  greater  or  less  affinity  for  each  other. 

The  binary  electro-negative  element  is  called  an  acid,  and  is 
most  frequently  composed  of  two  non-metallic  elements,  as  in  the 
case  of  sulphuric  acid  SOj,  nitric  acid  NO5,  and  chloric  acid  CIO5, 
&c.  &c.  Sometimes,  however,  one  of  the  elements  of  an  acid  is 
a  metal,  as  in  the  case  of  ferric  acid  EeOg,  manganic  acid  MnOs, 
stannic  acid  SnOg,  antimonic  acid  SbOs,  and  many  others. 

Some  of  the  sulphur  acids  also  contain  a  metal,  and  we  therefore 
find  such  compounds  as  the  sulphuret  of  antimony  and  tin 
possessed  of  acid  properties.  The  Dase  or  electro-positive  element 
of  a  salt  is  always  a  metallic  compound.  The  sulphurets  and 
oxides  of  many  of  the  metals  belong  to  this  class. 

The  greater  number  of  acids  are  compounds  of  oxygen  and  a 
metallic  or  non-metallic  element,  whilst  the  oxides  of  trie  metals 
afford  the  most  numerous  class  of  bases.  Many  of  the  sulphurets 
also  combine  and  form  salts,  in  which  the  acid  is  an  electro- 
negative sulphuret  or  sulphur  acid,  whilst  the  base  is  a  sulphuret 
possessing  opposite  electric  energies. 

The  double  chlorides  resulting  from  the  combination  of  the 
electro-positive  chlorides  of  the  metals  with  the  electro-negative 
chlorides  of  other  metallic  or  non-metallic  elements,  again  form  a 
class  of  salts  of  which  we  have  many  examples,  and  of  which  the 
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numbo'  will  probably  be  much  increased  with  the  adyancement  of 

the  waeoGe  of  chemistrj. 
The  oij-salta,  or  those  in  which  both  the  acid  and  base  consist 

eitiier  of  a  metallic  or  non*metallic  oxide,  form  by  far  the  most 

nmnerous  and  important  class,  and  have  therefore  received  the 

greitest  attention,  and  are  the  most  fully  understood  by  chemists ; 

eoDseqaently,  the  foUowing  generalities  may  be  considered  as  re- 

fernng  particularly  to  them. 

Xnrtrailty. — Salts  are  divided  into  acid,  alkaline,  and  neutral, 
Hm  characteristics  on  which  this  distinction  is  founded  are  easily 
defined,  in  the  ease  of  those  formed  by  the  union  of  the  energetic 
acids  and  bases ;  but  they  become  less  clear  if  the  compound  be 
the  result  of  the  combination  of  powerful  bases  with  feeble  acids, 
or  of  the  stranger  acids  with  the  weaker  bases.  This  difficulty 
becomes  stiU  greater  when  the  resulting  salt  is  insoluble  in  water. 

The  vegetable-blue  colours,  especially  the  tincture  of  litmus,  are 
the  tests  ordinanly  employed  for  the  purpose  of  ascertaining  the 
state  of  a  salt  with  regard  to  its  neumlity.  This  colour  is  itself 
fenned  by  the  union  of  a  red  vegetable  acid  with  an  alkaline  base, 
ind  the  resulting  compound  possesses  the  characteristic  blue  colour 
of  tincture  of  litmus. 

When  a  more  powerful  acid  is  added  to  this  organic  salt,  it 
replaces  its  vegetable  electro-negative  element,  which,  becoming 
fiee,  afain  assumes  its  original  red  colour,  and  consequently  indi- 
cates the  presence  of  a  free  or  feebly  combined  acid  in  the  solution 
into  whicn  it  has  been  poured.  A  test  for  the  presence  of  a 
free  or  feebly  combined  alkali  is  obtained  by  reddening  tincture  of 
litmus  by  an  acid,  as  the  original  blue  colour  of  the  salt  is  again 
produced  on  neutralising  by  an  alkali  the  acid  first  added  to  pro- 
duce the  red  colour.  In  order  that  these  reagents  should  be  as 
sensitive  as  possible  to  the  action  of  acids  and  alkalies,  it  is 
necessary  to  observe  the  greatest  care  to  prevent  any  excess  either 
of  alkali  in  the  blue  solution,  or  of  acid  m  the  red  one,  as,  if  this 
were  not  attended  to,  the  first  portion  of  the  acid  or  alkali  in  the 
Mbtion  to  be  examined,  would,  as  the  case  might  be,  be  appro- 
priated by  the  free  acid  or  alkali  present,  and  thereby  introduce  a 
canae  of  error  in  the  experiment.     If  we  in  successive  portions 

Kr  sulphuric  acid,  which  strongly  reddens  the  blue  colour  of 
us,  into  a  fluid  containing  potash,  which  blues  the  red  solution 
of  that  substance,  we  shall  find  that  the  action  of  the  alkali  will 
gradually  become  less  intense,  and  that  finally  we  shall  arrive  at  a 
point  at  which  neither  an  acid  or  alkaline  reaction  can  be  perceived. 
The  resulting  sulphate  of  potash  is  then  said  to  be  neutral,  and  if 
we  evaporate  the  solution  to  dryness,  and  examine  the  residue,  we 
find  it  to  consist  of  sulphuric  acid  and  potash,  united  in  the  pro- 
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portion  of  4fO  of  the  former  to  47  of  the  latter,  in  which  composi* 
tion  it  will  be  foirnd  that  the  amount  of  oxygen  contained  in  the 
acid  is  three  times  greater  than  that  united  with  the  potassium  to 
constitute  the  base,  and  the  salt  wiU  consequently  be  expressed  by 
the  formula  KO,  SOj. 

If,  instead  of  using  potash,  we  were  to  employ  soda  or  lithia  for 
the  purpose  of  saturating  the  sulphuric  acid,  we  should  obtain 
sulphates  of  those  bases,  in  which  the  oxygen  in  the  acid  would  be 
again  found  to  be  triple  that  contained  in  the  base. 

Baryta  and  strontia  change  the  reddened  tincture  of  litmus 
into  blue  with  almost  the  same  intensity  as  potash  or  soda ;  but 
if  we  add  sulphuric  acid  to  the  solution  of  these  bases  in  water,  a 
dense  white  precipitate  will  immediately  be  formed,  and  continue 
to  be  deposited  until  the  solution  begins  to  evince  a  slight  acid 
reaction. 

If  we  now  separate  the  liquor  by  filtration,  and  evaporate  to  dry* 
ness,  we  shall  find  that  it  retains  nothing  in  solution,  as  the 
sulphate  of  baryta  formed  is  insoluble  in  water,  and  is  therefore 
whoUy  retained  in  the  solid  state  on  the  filter.  On  testing  this 
salt  we  fail  to  obtain  either  an  acid  or  alkaline  reaction,  as  from 
its  insolubility  it  is  incapable  of  affecting  the  vegetable  colours. 
Ey  analysing  the  precipitate,  however,  we  find  the  same  relation 
in  this  case  between  the  amount  of  oxygen  in  the  acid  and  base,  as 
was  observed  with  regard  to  the  other  salts,  and  from  such  consi- 
derations as  these,  chemists  agree  to  consider  those  sulphates  as 
neutral  in  which  the  amount  of  oxygen  in  the  acid  is  three  times 
greater  than  that  contained  in  the  base.  If  nitric  instead  of  sul- 
phuric acid  be  added  to  a  solution  of  potash,  the  alkali  will,  as  in 
the  former  case,  become  neutralised,  whilst  the  nitrate  of  potash 
formed  is  found  to  have  the  formula  KO,  NO5,  in  which  the 
amount  of  oxygen  in  the  acid  is  five  times  greater  than  that  con- 
tained in  the  base.  On  repeating  this  experiment  on  the  various 
bases,  it  will  invariably  be  found  that  the  ratio  of  the  oxygen 
contained  in  the  acid  to  that  combined  with  a  metal  to  form  a  base 
is  as  one  to  five,  and  consequently  all  nitrates  are  considered 
neutral  that  maintain  this  proportion. 

Many  of  the  stronger  acids  are  united  to  a  portion  of  water 
which  appears  to  be  essential  to  their  constitution,  and  in  these 
cases  the  hydrated  acids  may  be  considered  as  salts  of  water, 
which  are  decomposed  by  the  alkalies  merely  because  the  oxides  of 
the  metals  are  more  highly  electro-positive  than  the  oxide  of 
hydrogen,  and  are  therefore  capable  of  forming  with  the  acid  a 
more  stable  salt.  The  less  powemil  acids,  such  as  carbonic  and  sul- 
phurous acid,  and  many  others,  are  incapable  of  thoroughly  neutni- 
Bsing  the  stronger  bases  with  regard  to  the  coloured  reagents,  as. 
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in  IwfweTer  great  excess  they  may  be  added,  the  compound  will 
stOl  be  fbimd  to  retain  an  alkaline  reaction.  If,  for  mstance,  a 
current  of  carbonic  acid  be  passed  for  a  considerable  time  through 
a  saturated  solution  of  potassa^  a  crystallized  salt  will  be  deposited, 
wluch,  on  examination,  is  found  so  constituted  that  the  amount  of 
oxygen  contained  in  the  acid  is  four  times  greater  than  that  which 
eaters  into  the  composition  of  the  base.  On  dissolving  the  salt 
tiius  formed  in  water,  and  adding  to  the  solution  a  portion  of 
potash  of  the  same  weight  as  that  originally  operated  on,  a  new 
czystalline  salt  is  obtained,  in  which  the  amount  of  oxygen  con- 
tained in  the  acid  is  only  twice  the  weight  of  that  united  with  the 
po^usinm  of  the  base ;  and  as  both  these  salts  produce  alkaline 
reactions  on  the  yegetable  coloured  reagents,  it  becomes  a  matter 
of  difficullr  to  decide  which  of  the  two  should  be  regarded  as 
the  neutral  carbonate  of  potash.  If,  however,  these  experiments 
be  extended  to  the  other  metallic  oxides,  it  will  be  found  that 
those  of  the  first  group  are  alone  capable  of  affording  two  series  of 
carbonates,  whilst  the  five  other  sections  only  yield  those  in  which 
the  oxygen  of  the  acid  is  double  that  of  the  base.  For  this  reason 
most  chemists  describe  the  salts  haying  the  general  formula 
MO,  CO2  as  the  neutral  carbonates,  although  a  few  still  consider 
MO,  C2O4  should  be  thus  regarded,  from  the  circumstance  of  its 
more  nearly  approaching  neutrality  with  regard  to  the  coloured 
reagents. 

The  definition  of  neutral  salt  becomes  still  more  indefinite  in 
the  case  of  the  combinations  which  take  place  between  the  bases 
and  what  are  usually  called  polybasic  acids.  To  illustrate  this 
raxiety  we  may  take  the  salte  of  common  phosphoric  acid  as  an 
example.  1£  an  excess  of  phosphoric  acid  be  added  to  a  solution 
of  sooa^  and  with  proper  precautions  evaporated  to  dryness,  we 
obtain  a  salt  represented  by  the  formula  NaO,  POj  +  2  HO,  in 
which  the  amount  of  oxygen  contained  in  the  acid  is  five  times 
greater  than  that  contained  in  the  base.  On  dissolving  this  salt 
in  water,  and  adding  to  its  solution  a  quantity  of  soda  equal  to 
that  which  it  already  contains,  a  salt  is  produced  expressed  by  the 
formula  2  NaO,  POs  +  HO,  in  which  the  ratio  of  the  oxygen  in 
the  acid  to  that  in  the  base  is  as  two  to  five ;  and  on  again  dis- 
aolving  this  salt  in  water,  and  adding  another  equivalent  of  soda, 
the  whole  of  the  water  is  displaced,  and  the  salt  3  NaO,  FO5  is 
obtained,  where  the  oxygen  in  the  acid  compared  with  that  in  the 
base  is  as  three  to  five.  Of  these  salts  the  first  possesses  an  acid 
reaction  on  tincture  of  litmus,  whilst  the  two  second  colour  the 
reddened  solution  of  litmus  blue,  and  therefore  exhibit  alkaline 
properties.  The  yegetable  reagents  are  in  this  case  incapable  of 
deciding  the  question  of  neutrality,  and  chemists  have  conse- 
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quently  been  induced  to  change  the  meaning  of  the  word  by  which 
is  now  generally  understood  an  equivalent  of  acid  united  with  its 
usual  number  of  equivalents  of  base.  According  to  this  definition 
each  of  the  three  phosphates  above  described  may  be  considered  as  a 
neutral  salt.  The  fii^t  will  be  a  phosphate  containing  an  equiva- 
lent of  oxide  of  sodium,  and  two  of  oxide  of  hydrogen.  In  the 
second  the  addition  of  another  equivalent  of  the  stronger  base  has 
replaced  the  less  electro-positive  oxide  of  hydrogen ;  whilst  in  the 
tlnrd  salt  the  feebler  oxide  of  hydrogen  has  been  entirely  elimi- 
nated, and  its  place  occupied  b^  the  Valine  base. 

These  and  sunilar  considerations  have  suggested  the  idea  that 
many  of  the  substances  called  acids  are  in  reality  salts,  and  that 
they  do  not  combine  with  the  oxides  of  the  metals,  as  is  usually 
supposed,  but  rather  with  the  metals  themselves ;  water  being  in 
every  instance  produced  at  the  same  time. 

Sulphuric  acid  SO3  +  HO,  is  considered  to  be  a  compound 
of  one  equivalent  of  sulphur,  combined  with  three  of  oxygen, 
and  further  united  with  an  atom  of  water,  to  Ibrm  the  so- 
called  hydrated  sulphuric  acid.  Nitric  acid,  NO5  +  HO,  is  in 
like  manner  regarded  as  composed  of  one  atom  of  nitrogen,  com- 
bined with  five  of  oxygen,  and  one  of  water.  It  is,  however, 
evident,  that  sulphuric  acid  may  either  be  expressed  by  the 
formula  SO3  -h  HO,  or  SO4  +  H,  and  that  nitric  acid  is  equally 
well  represented  by  the  equations  NOj  -f  HO,  and  NO,  +  H.  K 
we  consider  the  latter  expressions  as  the  true  representations  of 
the  state  of  aggregation  of  atoms  in  the  acids  in  question,  the 
formation  of  a  salt  must  be  regarded  as  merely  a  result  of  the 
substitution  of  a  metal  in  the  place  of  the  hydrogen  contained  in 
the  acid.  The  latter  view  of  the  constitution  of  acids,  and  the 
formation  of  salts,  has  not  only  the  advantage  of  explaining  many 
phenomena  hitherto  not  fully  understood,  but  also  of  reducmg  the 
oxacids  and  hydracids  to  one  class ;  and  this  theoiy  is  consequently 
rapidly  gaining  ground  among  chemists. 

The  most  powerful  alkaline  bases  are  usually  the  metallic  pro- 
toxides, and  these  combine  with  the  acids  to  form  salts,  in  which 
a  constant  ratio  exists,  in  each  family,  between  the  oxy^n  in  the 
acid  and  that  in  the  base.  When  an  acid  combines  with  a  base 
which  is  not  the  protoxide  of  a  metal  MO,  but  a  higher  oxide^ 
such  as  the  binoxide  MO,,  then  will  that  binoxide  be  disposed  to 
unite  with  two  equivalents  of  acid,  and  the  same  ratio  be  retained. 
If,  instead  of  being  combined  with  a  binoxide,  the  acid  be  united 
to  a  sesqui-oxide,  the  same  relation  is  observed  to  exist,  and  if 
sulphuric  acid  be  chosen  for  its  saturation,  the  resulting  salt  will 
have  the  general  formula  M,  0,  +3  SOj,  the  ratio  of  one  to  three 
being  still  preserved. 
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Vhen  an  asjhaae  is  acted  on  by  a  hydracid,  a  reciprocal 
deoovnposition  oi  the  two  bodies  takes  place.  The  hydrogen  of 
the  hydracid  combines  with  the  oxygen  of  the  base  to  form  water, 
whilst  the  electro  positive  element  of  the  base  unites  with  the 
dectiD-negatiye  element  of  the  hydracid  to  form  a  binary  com- 
pound, corresponding  in  its  composition  to  the  oxybase  employed. 
Thus  on  adding  hydrochloric  acid  to  soda,  water  and  chloride  of 
sodium  are  formed. 

NaO  +  Ha=]Sraa+HO. 

If^  instead  of  soda  we  employ  the  sesqui-oxide  of  iron,  water 
and  sesqui-chloride  of  iron  wul  be  the  resmt. 

FeaO,  +  3  HCl  =  FesCl,  +  3  HO. 
The  saturation  of  an  alkali,  with  regard  to  the  coloured  vegetable 
reagents,  may  generally  be  effected  as  completely,  by  means  of  the 
faydracids,  as  $  an  oxacid  were  employed  for  that  purpose,  and 
the  resulting  compounds  are  found  to  possess,  in  every  respect, 
the  characteristic  properties  of  salts,  hi  the  case  of  the  hydro- 
salts,  like  that  of  the  formerly  called  oxy-salts,  the  hydrogen  of 
the  acid  may  be  supposed  to  be  merely  replaced  by  a  metal,  and  it 
is  at  once  evident  that  SO4,  H,  and  Ci,  H,  differ,  merely,  in- 
asmuch that  in  the  one  the  first  member  is  a  compound  body, 
while  in  the  other  it  is,  as  far  as  we  yet  know,  a  simple  element. 

Nearly  all  salts  are  solid  at  ordinary  temperatures.  Those 
which  are  obtained  by  the  combination  of  colourless  acids  with 
colourless  bases  are  themselves  colourless.  The  salts  formed  by  the 
union  of  a  c(^oured  base  with  the  various  colourless  acids  are 
usually  coloured,  and  when  ciystaUised  are  all  possessed  of  nearly 
the  same  tint  as  the  bases  which  enter  into  their  composition. 
Those  formed  by  the  union  of  the  colourless  bases  with  the 
coloured  acids,  are  most  frequently  coloured,  and  exhibit  for  the 
most  part  the  characteristic  shades  of  the  several  acids  in  their 
free  state. 

TMfc — ^The  taste  of  salts  seems  generally  to  depend  rather  on 
tiie  nature  of  the  base  than  of  the  combined  acid.  Thus,  the  salts 
of  soda  possess  a  flavour  usually  known  by  the  name  of  saltness : 
those  of  potash  are  slightly  bitter ;  whilst  the  compounds  of  mag- 
nesia are  characterised  by  an  insupportable  bitterness.  Some- 
times, however,  the  flavour  of  a  salt  is  considerably  affected  by 
the  nature  of  the  combined  acid,  as  in  the  case  of  the  sulphites, 
sulphur  sidts,  and  those  formed  by  the  combination  of  some  of  the 
metallic  acids. 

Water  •f  CirsttOllMitloii. — A  large  proportion  of  the  salts  may  be 
obtained  either  hydrated  or  anhydrous,  according  to  the  circum- 
stances under  which  they  are  prepared.    Many  of  the  soluble 
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salts  are  deposited  from  their  solutions  in  combination  with  a 
certain  quantity  of  water,  which  is  called  water  of  crystaUisation* 
The  quantity  of  water  of  crystallisation  contained  in  a  given 
salt,  when  crystallised  at  the  same  temperatures  and  from  similar 
solutions,  is  always  the  same,  and  possesses  a  ccaistant  simple 
equivalent  ratio  with  regard  to  the  number  of  equivalents  of  acid 
and  base  entering  into  the  composition  of  the  salt.  It  therefore 
follows  that  the  water  of  crystallisation  contained  in  a  salt  ia 
united  according  to  the  laws  of  definite  proportion,  and  forms  an 
essential  chemical  element  of  its  composition,  which,  if  abstracted, 
will  be  eliminated  according  to  the  same  definite  laws. 

The  hydrated  salts  abandon  their  water  of  crystallisation  when 
strongly  heated }  and  it  is  found  that  a  constant  amount  of  water 
is  in  the  same  salt  retained  for  similar  temperatures,  although 
when  that  temperature  is  exceeded  another  portion  of  its  water  is 
eliminated,  and  a  less  highly  hydrated  salt  is  obtained.  The 
sulphate  of  manganese  affords  a  remarkable  illustration  of  this 
fact.  When  that  salt  is  allowed  to  crystallise  from  its  solutions 
at  a  temperature  below  4*3'  Fah.,  its  composition  is  expressed  hy 
the  formula  MnO,SO,  +  7H0.  If  the  crystals  be  obtained  betweea 
the  temperatures  of  ^S''  and  68^  the  salt  MnO,S08+6HO.  will  be 
produced.  On  being  allowed  to  crystallise  between  the  last- 
named  temperature  and  86°,  its  composition  will  be  expressed  by 
the  formula  MnO,SO,+4HO.  By  crystallising  at  a  temperatum 
between  110°  and  120°,  a  salt  is  obtained  of  which  the  composition, 
is  represented  by  MnO,SO,+  HO :  and  finally,  on  heating  the  salt 
to  570°,  the  anhydrous  sulphate  of  manganese  MnOySOs  is 
obtained. 

For  the  purpose  oi  determining  the  quantities  of  water  suc- 
cessively abandoned  by  a  salt  at  different  temperatures,  an  oil- 
bath  (ng.  3)  is  usually  employed.  This  consists  of  two  copper 
boxes,  one  of  which  is  so  placed  within  the  other,  that  a  space  of 
about  an  inch  exists  between  them  on 
all  the  sides  except  on  that  in  which 
the  door  is  placea.  Before  using  the 
apparatus,  tins  space  is  to  be  filled  with 
ou  by  means  of  a  tubulature,  and  a  ther- 
mometer, of  which  the  lower  end  is  im- 
mersed in  the  oil,  should  be  fitted  to 
the  other  aperture  by  a  perforated 
cork.  This  being  done,  the  bath  is 
supported  over  a  gas  burner  by  means  of  an  iron  stand,  and 
m&r  having  accurately  weighed  a  certain  quantity  of  the  sah  to  be 
operated  on,  in  a  watch-glass  or  small  capsule,  it  is  heated  to  the 
required  temperature^  afl  indicated  by  the  thermometer^  until 
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Tepeated  weighings  show  it  to  have  ceased  to  lose  weight,  when  the 
differenee  between  the  first  and  last  weighings  necessarily  repre- 
eents  the  weight  of  water  lost  by  the  amount  of  salt  operated  on, 
when  hasted  to  the  degree  noted  on  the  thermometer. 

IFhen  water,  instead  of  oil,  is  employed  for  the  purpose  of  filling 
the  apparatus,  it  becomes  a  water-bath,  and  is  employed  for  the 
poipose  of  drying  substances  at  temperatures  inferior  to  212^,  and 
is  therefore  extensiyel^  used  in  our  laboratories,  for  the  estimation 
of  the  hygrometric  moisture  contained  in  substances  to  be  analysed 

Many  of  the  salts  which  contain  much  water  melt  when  heated 
in  their  water  of  crystallisation,  and  undergo  what  is  called  the 
watery  fusion,  in  which  state  it  may  be  regarded  as  being  dissolyed 
in  its  own  water  of  crystallisation.  Should  the  heat  be  con- 
tinued, and  the  salt  not  be  decomposed  at  the  required  tem- 
penture,  it  will  ultimately  enter  into  what  is  called  igneous  fusion, 
on  cooling  fiN>m  which  state  it  remains  as  anhydrous  salt. 
Many  of  the  anhydrous  salts,  when  strongly  heated,  produce  a 
crackline  noise.  Common  salt  NaCl,  possesses  this  property  in  a 
remarkable  degree,  as  may  be  seen  on  throwing  a  small  quantity 
of  this  substance  on  the  fire,  when,  if  in  large  crystals,  it  will  be 
obaeryed  to  break,  and  in  some  instances  to  be  projected  to  a 
considerable  distance  at  the  moment  of  each  detonation.  This 
effect  is  usually  produced  by  small  quantities  of  water  mechanically 
retained  in  the  cayities  of  the  crystals,  which,  on  being  heated,  is 
conyerted  into  steam,  the  expansiye  power  of  which  causes  the 
rupture  of  the  salts.  Less  frequently,  howeyer,  this  phenomenon 
is  occasioned  by  the  imperfect  conducting  power  of  the  salt  itself^ 
which,  causing  an  unequal  expansion  among  its  particles,  rapidly 
effects  their  diyision,  and  idtimate  reduction  to  the  state  of  fine 
powder. 

S^lmMUty  mf  Salfs. — The  study  of  the  solubility  of  salts  is  one  of 
the  most  useful  and  interesting  branches  of  chemical  research,  as 
by  &r  the  greater  number  of  methods  employed  to  effect  the 
separation  of  this  dass  of  bodies  is  founded  on  their  relatiye 
solubility  in  water.  Many  of  the  salts  are  also  to  a  certain 
degree  soluble  in  alcohol  and  pyroligneous  spirit;  but  this 
property  is  chiefly  confined  to  such  as  are  extremely  soluble 
in  water.  The  solubility  of  a  salt  yaries  with  the  temperature  at 
which  the  experiment  has  been  made;  and  it  is  therefore 
necessary,  when  inyestigating  this  subject,  to  make  separate 
d^erminations  for  the  seyeral  points  of  the  thermometric  range. 

In  order  to  ascertain  the  solubility  of  a  salt  at  a  giyen  tem- 
perature, it  will  be  first  necessary  to  obtain  a  saturated  solution 
at  that  temperature.  This  may  be  effected  in  two  different  wajs. 
The  vsnal  method  of  conducting  the  experiment  is  to  add  a  portion 
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of  the  dissolving  liquor  to  a  great  excess  of  the  salt  to  be  examined, 
and  having  heated  the  mixture  for  at  least  half  an  hour  to  the 
required  point,  the  liquor,  which  by  that  time  will  have  taken  up 
all  the  salt  which  it  is  capable  of  (ussolving  at  that  temperature, 
may  be  poured  off,  and  considered  as  saturated.  The  same  result 
may  be  obtaiued  by  operating  at  a  higher  temperature  than  that 
at  which  the  solution  is  to  be  effected,  and  afterwards  allowing  the 
liquor  to  cool  down  to  the  required  point,  at  which  it  should  be 
kept  stationary  for  a  considerable  tmie.  The  salts  are  usually 
more  soluble  at  high  than  at  low  temperatures,  and  it  therefore 
follows,  that  on  cooling  a  solution  saturated  at  a  higher  point  of 
the  thermometric  range  to  one  which  is  lower  in  the  scale,  a 
certain  portion  will  be  deposited  in  the  solid  form,  whilst  that 
quantity  only  will  remain  in  solution  which  corresponds  to  the 
point  to  which  the  Hquor  has  been  cooled.  Experiment  proves 
that,  with  careful  manipulation,  these  methods  lead  to  results 
perfectly  identical ;  but,  unless  great  care  be  taken  to  prevent 
errors,  the  second  process  is  apt  to  be  fallacious.  T^is  ariBes 
from  the  circumstance  that  solutions  of  salts  which  are  more 
soluble  in  warm  than  in  cold  water  possess  the  property,  when 
cooled  down,  without  being  in  contact  with  crystals  of  the  salt 
which  they  hold  in  solution,  of  retaining  a  lEurger  portion  of 
solid  matter  than  the  normal  amoimt  corresponding  to  that  tem- 
perature. This  inconvenience  may,  however,  be  obviated  by  the 
mtroduction  of  a  small  crystal  of  the  salt  operated  on  into  the 
saturated  solution,  which  will  determine  the  elimination  of  the 
redundant  salt,  and  deposit  it  in  a  ciystalline  form. 

To  determine  the  solubility  of  a  salt  at  a  given  temperature,  it 
is  necessaiT  to  ascertain  the  weight  contained  in  a  solution  satu- 
rated at  the  required  point.  This  may  be  done  by  evaporating 
with  proper  precautions  about  1000  grains  of  the  solution  to 
dryness  in  a  platinum  capsule.  On  first  weighing  the  capsule  and 
residue  togethe?,  and  afterwards  deducting  the  weight  of  the 
capsule  from  the  sum,  the  amount  of  dry  salt  contained  in  this 
quantity  of  the  solution  will  be  found. 

K,  then,  we  call  W  the  we^ht  of  the  solution  submitted  to 
evaporation,  and  w  the  weight  of  anhydrous  salt  found,  (W — to) 
will  be  the  weight  of  the  water  present.  A  weight  represented 
by  (W — w)  of  water,  will  then  dissolve  a  weight,  to,  of  anhydrous 
salt :  consequently,  100  parts  of  water  will  dissolve,  at  a  known 
temperature,  T,   a  quantity  of  anhydrous   salt  represented   by 

w 
100 

W— 1(7 

If  the  crystallised  salt  contains  water  of    crystallisation,  it 
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becomes  a  question  as  to  what  quantity  of  water,  at  a  given  tem- 
pcnture,  T,  will  dissolve  a  stated  weight  of  the  dystaJHsed  salt. 
'I^t  T  be  the  weight  of  water  of  crystallisation  combined  with  the 
weight  »,  of  anhydrous  salt  to  form  {w  +  x)  of  the  hydrated  salt. 
Then  will  (W — w — v)  represent  the  amount  of  water  required  to 
disBolre  the  weight  (w  +  w)  of  the  hydrated  salt. 

Since,  then,  a  weight  of  water  represented  by  (W — to — «■),  will 
dissolye  a  weight  (w — 9r)  of  hydntted  salt  to  form  a  saturated 
solution  at  the  temperature  T,  it  follows  that  100  parts  of  water 
will  form  a  saturated  solution  at  the  same  temperature  with  the 


weight  100 of  the  hydrated  crystallised  salt;  and  thus 

100  parts  of  the  same  hydrated  salt  will  be  dissolved  by  the  weight 
100 of  water. 

It  not  unfirequently  happens  that  the  amount  of  salt  dissolved 
in  a  giv^  quantity  of  solution  may  be  more  accurately  and  con- 
veniently determined  by  a  chemical  estimation,  than  by  the  usual 
method  of  evaporating  to  dryness  and  subsequent  weighing.  If, 
for  example,  it  be  required  to  determine  the  weight  of  sulphate  of 
soda  contaiaed  in  a  given  quantity  of  liquor,  it  may  be  readily 
ascertained  by  adding  chloride  of  bariiun  to  a  weighed  portion  of 
the  solution  of  the  salt.  The  sulphate  of  baryta  which  is  preci- 
pitated, after  being  collected  on  a  filter  and  washed,  is  calcined  and 
weighed,  and  from  the  result  obtained  the  quantity  of  sulphate  of 
soda  oiimnally  present  in  the  solution  is  easily  deduced. 

Let  W  be  the  weight  of  sulphate  of  baryta  found ;  the  com- 
position of  this  salt  is — 

One  equiv.  Baryta 76*64 

„        „     Sulphuric  acid 40*00 


n  •?> 


Sulphate  of  baryta 11664 


It  is,  therefore,  evident  that  a  weight  "W",  of  sulphate  of  baryta 
40 

corresponds  to  "W" of  sulphuric  acid. 

116-64  ^ 

Sulphate  of  Soda  is  composed  of — 

One  equiv.  of  soda 30*97 

„         „     Sulphuric  acid 40*00 

,     Sulphate  of  soda 70.97 

Digitized  by  VjOOQIC 


rt 


42  CHEKICAL  PBOPEBTTES  OT  METALS. 

Consequently,  the  weight  of  sulphate  of  soda^  which  corresponds  to 

the  amount  "W" of  sulphuric  acid,  and  therefore  the  weight 

116-64.  i-  ^ 

W,  of  sulphate  of  baryta,  may  be  obtained  by  the  proportion — 

40 

40:  70.97::  W :  ». 

116-64 

70.97 

From  which  we  obtain —  «  =  W,— -77 

116.64 

This  method  of  determination  may  be  used  for  the  purpose  of 
estimating  any  of  the  sulphates,  whilst  sulphuric  acid  can  be 
similarly  employed  with  regard  to  the  baryta  salts. 

The  solubility  of  the  chlorides  is  easily  ascertained  by  the  addi- 
tion of  nitrate  of  silver,  and  the  subsequent  weighmg  of  the 
insoluble  chloride  formed,  and  conyersely  the  solm)ility  of  the 
silver  salts  may  be  estimated  by  means  of  the  soluble  chlorides. 

It  is  a  remarkable  fact  that  many  salts  are  more  soluble  in  solu* 
tions  of  other  salts  than  in  pure  water.  A  solution  of  nitrate  of 
potash,  saturated  at  a  given  temperature,  is  unable  to  dissolve  a 
iurther  portion  of  this  substance  at  that  temperature ;  but  if  a 
little  common  salt  be  added,  another  portion  of  the  nitrate  is  dis- 
solved. The  solubility  of  nitrate  of  potash  is,  on  the  contrary, 
weaker  in  solution  of  chloride  of  potassiiun  than  in  water,  and  the 
addition  of  this  substance  to  saturated  solutions  of  nitre  frequently 
gives  rise  to  the  precipitation  of  minute  crystals  of  the  latter  salt. 

Action  of  Adds  on  the  Salts. — When  the  acid  which  is  made  to 
act  on  a  salt  is  the  same  as  that  contained  in  the  salt  itself,  it 
frequently  combines  with  a  further  portion  of  acid,  and  becomes  an 
acid  salt.  Thus,  if  an  excess  of  sulphuric  acid  be  added  to  sul- 
phate of  potash  KO,SOs,  the  add  bisulphate  of  that  base  KO, 
2  SOj,  is  formed.  In  the  same  way,  if  a  current  of  carbonic  acid 
be  passed  through  a  solution  of  neutral  carbonate  of  potash  KO, 
COa,  another  equivalent  of  that  acid  is  absorbed,  and  the  bi- 
carbonate of  potash  KO,  2  CO,,  is  produced. 

If  the  salt  is  incapable  of  forming  fresh  combinations  with 
fiirther  portions  of  the  acid,  it  usually  merely  dissolves  in  the 
excess,  particularly  if  the  acid  be  mixed  with  a  considerable  amount 
of  water. 

When  the  acid  which  is  made  to  react  on  the  salt  is  different 
from  that  which  is  already  combined  with  its  base,  decomposition 
takes  place  under  each  of  the  following  circumstances.  If  the 
salt  be  soluble  in  water,  and  an  acid  be  added,  which,  bv  uniting 
with  its  base,  is  capable  of  forming  a  compound  insoluble  in  that 
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meutraiim,  the  insoluble  salt  will  be  produced,  and  the  acid  at 
fint  combined  with  the  base  will  be  eliminated  in  the  free  state. 

When  sulphuric  acid  is  poured  into  a  solution  of  nitrate  of 
baijta,  a  precipitate  of  insoluble  sulphate  of  baryta  is  immediately 
fimned,  and  the  nitric  acid  remains  in  an  uncombined  state  in  the 
hquor. 

If  the  salts  formed  by  the  union  of  the  base  with  each  of  the 
aekls  present  are  equally  soluble  in  water,  it  is  usually  impossible 
to  decide  with  which  of  the  acids  the  base  is  combined  in  the 
solution.  But  if  the  salt  formed  by  the  second  acid  is  less  soluble 
than  that  produced  by  the  first,  the  decomposition  may  invariably 
be  efiectea  by  evaporating  the  liquor  to  the  point  at  which  the 
second  can  no  longer  be  held  in  solution,  when  it  is  deposited  as 
an  insoluble  salt,  according  to  the  law  above  given,  as  the  salt  is 
reaUy  insoluble  in  the  liquor  at  the  state  of  concentration  at  which 
it  was  deposited. 

If  sulphuric  acid  be  poured  into  a  solution  of  nitrate  of  potash 
at  the  ordinary  temperature  of  the  atmosphere,  no  decomposition 
will  apparently  take  ^lace ;  but  if  the  liquor  be  evaporated  by  the 
aid  of  heat,  a  precipitate  of  sulphate  of  potash  is  obtained,  that 
salt  being  less  soluble  than  the  nitrate  at  elevated  temperatures. 
The  nitrate  of  potash  is,  on  the  contrary,  less  soluble  than  the 
Bolphate  at  low  temperatures,  as  nitric  acid  is  capable  of  decom- 
poong  the  sulphate  of  that  base  at  32^  Eah. ;  and  it  is  therefore 
evident  that  the  action  of  acids  on  the  salts  is  materially  influenced 
by  the  temperature  of  the  solutions  in  which  they  are  brought  into 
contact  with  each  other. 

The  decomposition  of  a  salt  by  an  acid  is  sometimes  determined 
by  the  insolubility  of  the  acid  which  it  contains.  Boracic  acid, 
which  is  but  slightly  soluble  in  water,  is  eliminated  from  its  com- 
iHnations  with  the  bases  on  the  addition  of  one  of  the  stronger  acids 
to  their  solutions.  K  to  a  concentrated  solution  of  borax  we  add 
either  sulphuric  or  nitric  add,  a  precipitate  of  boracic  acid,  in  the 
form  of  pearly  crystalline  plates,  is  immediately  produced,  whilst 
sulphate  or  nitrate  of  soda  remains  in  solution. 

All  the  salts  mav  be  decomposed  by  the  addition  of  a  less  volatile 
add  than  that  which  is  contained  in  the  salt  itself.  Carbonic 
add,  which  is  gaseous  at  ordinary  temperatures,  is  but  slightly 
soluble  in  water,  and  is  therefore  readily  displaced  by  nitric  acid, 
even  in  the  cold,  as  this  acid  is  not  only  a  liquid,  boilmg  at  a  tem- 
perature above  212°  Fah.,  but  is  also  extremely  soluble  in  water. 
Concentrated  sulphuric  acid  enters  into  ebumtion  at  617°  Fah., 
and  consequently  has  the  power  of  decomposing  the  nitrates  at 
ordinary  temperatures.  Phosphoric  acid  is  still  less  volatile  than 
sulphuric  acid,  and  readily  replEUses  it  when  heated  with  its  salts ; 
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and,  finally,  silicic  acid,  which  is  again  more  stable  than  any  of  the 
preceding,  completely  decomposes  the  phosphates  when  brought 
in  contact  with  them  at  very  elevated  temperatures. 

When  a  salt  containing  a  gaseous  acid  which  is  but  slightly 
soluble  in  water  is  acted  on  by  another  gaseous  acid  possessing 
similar  properties,  and  having  at  the  same  time  about  an  equu 
affinity  for  the  base  of  the  salt  as  the  acid  with  which  it  is  com- 
bined, that  acid  which  is  present  in  the  greater  proportion  will 
invariably  eliminate  the  other.  In  this  way,  if  a  cuirent  of  car- 
bonic acid  be  passed  for  a  considerable  time  through  a  solution  of 
an  alkaline  sulphuret,  the  whole  of  the  hydrosulphuric  acid  will 
eventually  be  expelled,  and  a  pure  carbonate  of  the  alkali  be  formed. 
On  the  other  hand,  if  a  current  of  sulphuretted  hydrogen  be  passed 
through  a  solution  of  an  alkaline  carbonate,  carbonic  acid  will  be 
evolved,  and  a  pure  sulphuret  of  the  alkaline  metal  ultimately 
obtained. 

Action  of  Bases  on  tbe  Salts. — ^AVlien  a  fiirther  quantity  of  the 
base  which  it  already  "contains  is  added  to  the  solution  of  a  salt, 
it  very  frequently  happens  that  no  chemical  change  ensues.  This 
is  always  the  case  when  the  combined  acid  is  incapable  of  forming 
with  the  base  a  more  basic  salt  than  that  originally  operated  on. 
If  to  a  solution  of  sulphate  of  potash  we  add  a  further  quantity  of 
that  alkali,  and  afterwards  evaporate  to  dr3mess,  the  onginal  sul- 
phate of  potash  wiU  again  ciystallise  without  having  combined  with 
any  further  portion  of  the  additional  base.  Sometimes,  however,  a 
new  compoimd  is  formed.  Potash,  added  to  a  solution  of  bisul- 
phate  of  that  alkali,  will  be  found  to  yield  crystals  of  the  neutral 
sulphate  of  that  base ;  and  if  a  quantity  of  oxide  of  lead  be  added 
to  a  solution  of  neutral  acetate  of  the  oxide  of  that  metal,  a  basic 
acetate  of  lead  will  be  obtained. 

When  the  base  which  is  added  to  the  solution  of  a  salt  is 
different  from  that  which  it  already  contains,  decomposition, 
attended  with  the  formation  of  a  new  salt,  often  takes  place.  This 
change  is  dependent  on  circumstances  analogous  to  those  which 
determine  the  action  of  acids  on  the  salts.  The  soluble  salts  are 
generally  decomposed  when  the  acid  added  to  its  solution  is  capable 
of  forming  an  insoluble  compound  with  its  base.  Thus  the  addi- 
tion of  baryta  to  a  solution  of  sulphate  of  potash  determines  the 
precipitation  of  sulphate  of  baryta,  and  caustic  potash  remains  in 
solution.  In  the  same  way,  baryta  causes  the  decomposition  of 
carbonate  of  potash  when  brought  into  contact  with  weak  solution 
of  that  substance ;  insoluble  carbonate  of  baryta  is  formed,  and 
caustic  potash  remains  in  the  liquor.  The  state  of  concentration 
of  the  alkaline  solution  has,  however,  a  great  influence  on  the 
nature  and  extent  of  the  changes  effected, — as  on  boiling  the 
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carWittte  of  baryta  with  a  concentrated  solution  of  potash,  a 
considfiTable  amount  of  the  carbonate  of  that  alkali  is  obtained, 
attended  with  the  formation  of  a  corresponding  portion  of  caustic 
baijta. 

Sometimes  the  decomposition  is  effected  by  the  insolubility  of 
the  base  contained  in  the  salt.  If  a  solution  of  potash  be  added 
to  a  liquid  containing  nitrate  of  copper,  the  hjdrated  oxide  of  this 
metal  ia  at  once  precipitated ;  and  the  same  takes  place  with  regard 
to  all  the  insoluble  metallic  oxides  when  their  siuts  are  simibrlj 
treated.  It  is,  however,  necessary  to  remark  that  the  decompo- 
aitioa  of  the  metallic  salts  b^  the  alkalies  does  not  entirely  depend 
on  the  insolubility  of  the  oxides  of  the  metals,  but  is  in  all  proba- 
bilitY  in  a  great  degree  influenced  by  the  superior  affinity  possessed 
by  the  alkalies  for  the  acids  forming  the  electro-negative  consti- 
tuents of  the  salts  operated  on. 

It  not  unj&equently  happens  that  an  insoluble  metallic  oxide 
decomposes  a  salt  formed  by  a  base  which  is  also  insoluble.  Oxide 
of  silver,  added  to  a  solution  of  nitrate  of  copper,  effects  the  decom- 
position of  that  salt ;  nitrate  of  silver  is  produced,  and  the  oxide  of 
capper  is  precipitated.  In  this  case  the  decomposition  is  not 
eSdcted  by  the  greater  solubility  of  the  oxide  of  silver,  but  is  the 
result  of  tiie  preponderating  affinity  of  the  oxide  of  silver  for  the 
nitric  acid  present  in  the  s^t. 

When  the  base  of  a  salt  is  volatile,  it  is  usually  expelled  by  those 
Insea  which  are  fixed  at  the  temperatures  by  which  the  first  are 
^iminated.  Thus  lime  easily  expels  ammonia  from  its  combina- 
tiona ;  and  the  same  effect  is  produced  under  the  influence  of  heat 
hr  the  other  metallic  oxides,  although  in  many  cases  they  are  pre- 
— '^-"^  from  the  sohitiona  of  their  salts  on  the  addition  of  this 


I  mt  tbe  Salto  on  eaeh  otber. — The  mixture  of  different 
sahs  gives  rise  to  various  phenomena.  Sometimes  they  combine, 
and  form  double  salts.  Sulphate  of  alumina  combines  with  sul- 
phate of  potash,  and  forms  a  double  salt  known  by  the  name  of 
alum.  Cnloride  of  potassium  combines  with  perchloride  of  plati- 
num, and  yields  a  crystalline  double  chloride  of  platinum  and  potas- 
sium. At  other  times  no  apparent  reaction  takes  place  between 
the  two  salts ;  and  on  evaporating  the  solution,  the  salts  at  first 
disBolved  are  again  obtained. 

More  frequently,  however,  mutual  decomposition  of  the  mixed 
■alts  ensues,  and  others  are  produced  totally  different  in  many  of 
their  characters  from  those  originally  preseiit. 

When  two  neutral  salts  mutuallv  decompose  each  other,  salts 
aire  obtained  which  are  themselves  also  neutral.    This,  with  many 
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other  principles  relative  to  the  double  decomposition  of  the  salts, 
and  the  action  of  the  acids  and  bases  on  this  class  of  compounds, 
are  known  by  the  name  of  the  laws  of  Berthollet,  and  are  of  con- 
stant application  in  the  chemical  arts. 

Hatoal  AetlOB  of  SaUne  Solntlons  on  eaeb  otber. — ^When  the 
solutions  of  the  salts,  which  hj  the  mutual  interchange  of  their 
acids  and  bases  are  capable  of  producing  an  insoluble  salt,  are 
mixed  together,  this  decomposition  invariably  takes  place,  and  the 
insoluble  salt  is  precipitated.  If  a  solution  of  sulphate  of  soda  be 
poured  into  a  solution  of  nitrate  of  baryta,  insoluble  sulphate  of 
baryta  will  be  precipitated,  and  nitrate  of  soda  remains  £ssolved 
in  the  liquor. 

NaO,  SO,H-BaO,  NO,=BaO,  SOa+NaO,  NO5. 

In  the  same  way,  if  a  solution  of  carbonate  of  soda  be  poured 
into  a  solution  of  chloride  of  calcium,  carbonate  of  lime  will  be  pre- 
cipitated, and  soluble  chloride  of  sodium  formed. 

NaO,  C08+CaCl=CaO,  CO,+Naa. 

In  order  that  mutual  decomposition  should  take  place  between 
two  salts,  it  is  not  necessary  that  by  an  interchange  of  elements 
they  should  be  capable  of  forming  an  insoluble  compound,  but 
merely  that  they  snould  give  rise,  under  certain  circumstances,  to 
a  salt  less  soluble  than  either  of  those  originally  brought  in  pre- 
sence of  each  other.  If,  for  example,  we  add  a  solution  of  chloride 
of  potassium  to  another  of  nitrate  of  soda,  and  evaporate  the  mix- 
ture  at  a  low  temperature,  the  two  proximate  salts  separate ;  the 
chloride  of  potassium  crystallises  out,  and  the  nitrate  of  soda 
remains  in  solution.  K,  on  the  contrary,  the  solution  be  evapo- 
rated at  the  temperature  of  ebullition,  a  double  decomposition  takes 
place ;  chloride  of  sodium,  which  at  this  temperature  is  the  least 
soluble  salt  which  can  be  produced  by  the  combination  of  the  acids 
and  alkalies  present,  is  deposited,  and  nitrate  of  potash  remains  in 
the  liquor,  which  on  being  decanted  deposits  the  crystals  of  nitre 
on  cooling. 

The  insoluble  salts  may  frequentlv  be  decomposed  by  boiling 
during  a  long  time  in  solutions  of  tnose  which  are  more  soluble. 
This  may  always  be  effected  when  the  base  of  the  primitive  inso- 
luble salt  is  capable  of  forming  another  insoluble  salt  with  the  acid 
of  that  which  is  made  to  act  upon  it.  Thus  the  insoluble  salts 
formed  by  baryta,  strontia,  and  lime, — ^such  as  the  sulphates  of 
baryta  and  strontia,  and  the  phosphates  and  arseniates  of  baryta, 
strontia,  and  lime, — ^are  completely  decomposed  by  boiling  witn  a 
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Boh^  of  carbonate  of  potash  or  soda.  The  carbonates  of  baryta, 
Btrontia)  and  lime,  are  formed,  and  the  alkaline  base  remains  in 
solution,  combing  with  the  acid  of  the  original  insoluble  salt 

r  rated  on.  It  is,  however,  necessary  to  employ  a  large  excess  of 
alkaline  carbonate  to  effect  this  object,  as  otherwise  the  decom- 
jweition  will  be  found  to  be  incomplete.  If,  instead  of  making  the 
nits  react  on  each  other  in  the  state  of  solution,  they  are  fused 
together  by  the  aid  of  heat,  this  decomposition  will  not  only  take 
puuoe  with  greater  rapidity,  but  the  operation  will  also  be  foimd  to 
have  more  completely  succeeded  than  in  the  former  case.  When 
this  latter  method  is  employed,  the  fused  mass  should  be  sub- 
seqaently  treated  with  water,  when  the  soluble  salt  will  be 
diffiolved,  whilst  that  which  is  insoluble  may  be  separated  by 
filtration. 

Action  mi  Salts  on  eaeh  otber  by  tbe  dry  wny. — When  the 
salts  formed  by  the  combination  of  the  same  acid  with  two 
different  bases  are  strongly  heated  together,  it  frequently  hap- 
pens that  they  combine  in  definite  proportions,  forming  a  double 
salt,  which  crystallises  during  the  cooling  of  the  mass.  In 
this  way  many  of  the  double  silicates  are  obtariied,  which  are 
not  only  found  to  be  combined  in  definite  proportion,  but  also  to 
correspond  in  every  respect  to  those  produced  by  the  hand  of 
Nature. 

The  double  chlorides,  and  many  other  double  salts,  may  be 
produced  in  the  same  way ;  but  it  frequently  happens  that  in 
attempting  to  obtain  them  afterwards  in  a  state  of  solution,  decom- 
position again  takes  place,  attended  with  the  reproduction  of  the 
original  s^ts.  If  two  salts  formed  by  the  union  of  two  different 
adds  and  bases  are  heated  together,  and  are,  by  the  mutual  ex- 
diange  of  their  acids  and  bases,  capable  of  forming  a  salt  more 
volatile  than  either  of  those  originaUy  present,  this  circumstance 
usualty  determines  the  formation  and  elimination  of  the  more 
volatile  compound.  When  chloride  of  ammonium  is  heated  with  car- 
bonate of  lime,  chloride  of  calcium  and  carbonate  of  ammonia  are 
formed,  whieh  is  a  salt  far  more  volatile  than  either  of  those  origi- 
naUy present,  and  consequently  escapes  in  the  form  of  vapour,  while 
the  chloride  of  calcium  remams  in  the  crucible.  For  the  same 
reason,  if  chloride  of  calcium  be  heated  with  sulphate  of  ammonia, 
chloride  of  ammonium  is  driven  off,  and  sulphate  of  lime  is  left. 
It  moreover  frequently  happens  that  the  reactions  obtained  by 
strongly  heating;  a  mixture  of  two  salts  in  the  drjr  way  yield 
results  exactly  the  opposite  of  those  found  by  the  humid  treatment 
of  a  mixture  of  the  same  compounds.  Thus  it  has  been  just  stated 
that  on  heating  a  mixture  of  chloride  of  ammonium  and  carbonate 
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of  lime,  carbonate  of  ammoma  and  chloride  of  calcium  are  pro- 
duced ;  whilst,  on  the  contrary,  a  precipitate  of  carbonate  of  Bme 
is  obtained  by  pouring  a  solution  of  carbonate  of  ammonia  into 
one  of  chloride  of  calcium.  In  the  first  case,  the  decomposition  is 
effected  by  the  volatility  of  the  carbonate  of  ammonia ;  and  in  the 
second  instance,  by  the  insolubility  of  the  carbonate  of  lime. 
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CETSTALLOGEAPHY. 

1  suFESFiciAL  obseiTer,  on  examining  the  various  solid  bodies 
met  with  in  the  mineral  kingdom,  wSl  be  inclined  to  consider 
Adr  numerous  and  different  forms  as  the  result  of  chance,  and 
win  fell  to  observe  among  the  profusion  of  crystals  which  every- 
where present  themselves  any  nxed  laws  more  or  less  affecting  the 
eQnformation  and  determining  the  structure  of  the  whole.  On  a 
more  attentive  inspection,  however,  it  will  be  found  that  the  greater 
portion  of  them  are  susceptible  of  assuming,  under  certain  circum- 
stances, regular  geometrical  forms,  which  are  perfectly  identical  in 
the  Tarious  specimens  of  the  same  species ;  and  that  many  sub- 
stances that  present  in  their  exterior  appearance  no  evidence 
of  oystallisation,  expose,  when  broken,  a  distinctly  crystalline 
structore. 

These  rudimentary  crystals  are  frequently  so  small  as  not  to  be 
distin^ishable  witnout  the  aid  of  a  lens;  and  we  may  conse- 
quent^ infer  that  others  exist  so  exceedingly  minute  as  altogether 
to  escape  our  observation. 

By  fer  the  greater  number  of  mineral  bodies  possess  this  crys- 
talline structure ;  and  there  are  but  few  substances  which,  under 
&Tourable  circumstances,  do  not  evince  a  disposition  to  assume  a 
crystalline  form. 

The  larger  proportion  of  the  compounds  which  we  produce  in 
our  laboratories  are  capable  of  crystallising,  or,  in  other  words,  of 
usuming  the  above-mentioned  regular  geometrical  forms ;  and  it  is 
further  observed  that  when  these  are  produced  under  precisely 
similar  circumstances,  those  obtained  from  the  same  substance  are 
in  every  respect  identical.  This  propertv  of  crystalline  bodies 
affords  a  Fea<r^  means  of  classifying  mineral  substances,  and  often 
lends  its  aid  to  the  chemist  in  determining  their  true  constitution. 

The  forms  assumed  by  the  different  minerals  and  salts  occurring 
in  nature  appear  at  first  sight  infinitely  variable,  and  independent 
of  all  fixed  principles :  but  by  attentively  studying  a  great  number 
of  er}-stals,  and  their  progressive  derivations,  certam  laws  have 
been  discovered  which  materially  reduce  the  number  of  ultimate 
forms. 

Istly.  All  these  polyhedrons  are  terminated  by  plane  faces. 

1^ 
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2dly.  These  feces  are  systematically  arranged,  with  regard  to 
each  other,  and  to  imaginary  lines  called  axes. 

In  the  square  prismatic  system,  for  example,  the  two  bases  are 
perpendicular  to  the  principal  axis,  whilst  the  other  feces  are 
parallel  to  that  line. 

In  pyramids  the  faces  are  all  equally  inclined  on  the  axis. 

8dly.  The  feces  of  crystals  are  for  the  most  part  parallel  two 
to  two. 

4thly.  The  angles  of  crystals  are  always  projecting,  and  never 
retreating. 

These  general  laws  sometimes  present  apparent  anomalies ;  hut 
a  slight  examination  of  the  seeming  exceptions  is  usually  sufficient 
to  discover  their  causes. 

It  is  frequently  observed  in  the  diamond  that  its  feces  are  a 
series  of  curved  planes.  This  is  mostly  occasioned  by  the  great 
number  of  modifications  existing  on  the  various  angles  and  edges 
of  the  crystal,  and  which  give  at  first  sight  a  curved  appearance  to 
the  different  lines  which  bound  the  solid.  Sometimes,  however, 
the  faces  of  the  diamond  are  in  reality  formed  of  curved  planes ; 
but  this  probably  arises  from  the  peculiar  circumstances  under 
which  the  crystal  was  formed,  and  which  apparently  did  not  permit 
of  it  taking  its  normal  extension  in  certain  directions. 

This  convexity,  although  peculiar  to  some  particular  specimens,  in 
no  way  affects  others  of  the  same  species, — as,  although  crystals 
of  the  diamond  are  sometimes  found  having  somewhat  of  a  sphe- 
roidal form,  yet  a  vast  many  more  are  met  with  which  are  bounded 
by  plane  faces;  and  we  therefore  find  that  the  rounded  spe- 
cimens are  the  exceptions,  and  not  the  rule,  and  may  consequently 
be  regarded  as  a  sort  of  deformity  of  the  original  crystal. 

Mfuiy  crystalline  minerals  and  mineral  salts  afford  examples  of 
apparently  retreating  angles.  The  crystals  of  peroxide  of  tm  pre- 
sent this  appearance  so  frequently,  that  its  occurrence  affords  one 
of  the  best  characteristics  by  which  to  recognise  that  mineral. 

On  careful  examination,  however,  it  will  be  found  that  those 
crystals  which  appear  to  have  retreating  angles  are  not  in  reality 
one  crystal,  but  two  ;  and  that  the  indented  angle  is  merely  the 
result  of  the  meeting  and  impenetration  of  two  individuals,  giving 
rise  to  a  compound  crystal.  The  plane  of  junction  of  the  two 
crystals  is  usually  parallel  to  one  of  the  faces  of  the  simple  crystal, 
or  to  one  of  its  magonal  planes. 

Cleavage. — Crystals,  on  being  struck  with  any  hard  substance, 
divide  with  greater  facility  in  certain  directions  than  in  others ; 
and  this  property,  which  is  called  their  cleavage,  is  often  made  use 
of  to  expedite  the  cutting  and  grinding  of  the  precious  stones  for 
the  purposes  of  ornament. 
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The  deavage  of  crystals,  like  their  forms,  is  regulated  l^  certain 

^enl  laws,  which,  although  less  absolute  than  those  of  crystal- 

lintioo,  are  neTertheless  of  great  assistance  in  distinguishing  the 

Tmoas  substances  which  exhibit  this  property. 
IstlT.  In  the  same  mineral,  the  cleavages  are  always  disposed  in 

a  fizffliiar  way,  and  form  angles  having  a  constant  value  between 

tiiemsdves,  as  also  with  the  faces  of  the  crystal. 
2dly  When  a  crystal  presents  cleavages  in  three  different  direc- 

tioiia,  they  constitute  by  their  reunion  a  solid,  which  constantly 
exhibits  the  same  angles  for  the  same  species,  and  therefore  affords 
a  ready  means  for  their  recognition. 

ddlj.  When  a  mineral  possesses  more  than  three  cleavages,  they 
are  divided  into  two  classes.  The  one  is  known  by  the  name  of 
principal,  and  the  other  of  supplementary  cleavages. 

The  supplementary  cleavages,  althougn  not  so  easily  discovered 
as  the  principal,  nevertheless  act  an  important  part  in  the  classi- 
fication and  distinction  of  the  substances  which  possess  that  pro- 
perty. They  are  usually  placed  parallel  to  certam  planes  of  the 
crystal, — such  as  those  which  unite  a  solid  angle  to  that  which  is 
opposite. 

4tlily.  In  the  same  substances,  the  cleavages  are  ordinarilv  not 
e<pillv  distinct,  and  the  distinctness  has  itsdf  a  certain  relation 
with  the  nature  of  the  faces  of  the  crystal. 

For  instance,  the  cleavage  which  exists  in  the  direction  of  the 
base  in  crystals  belonging  to  the  square  prismatic  system  is  of  a 
different  order  from  those  which  are  parallel  to  the  vertical  faces, 
and  which  are  both  equally  well  defined. 

If  we  take  as  an  example  the  rhomboidal  prism  (fig.  4),  of  which 
each  of  the  three  faces  are  of  a  different  order,  its  three 
deavages  will  also  be  found  to  be  different.    That      /l^^ 
vhich  takes  place  parallel  to  the  fiice,  p,  is  more  dis-    h^-sl/^ 
tmct,  and  more  readily  developed,  than  that  which  fol- 
lows the  face,  ff;  and  this  in  its  turn  is  more  decided 
than  that  parallel  to  the  face,  m.    This  relative  facility 
of  cleavage  wiU  invariably  be  observed  in  the  same  sub- 
stance, appearing  to  form  a  species  of  organisation  in 
theae  inorganic  bodies,  and  at  the  same  time  shews  the  ^' 

intimate  nature  of  the  relation  existing  between  the  number  and 
nature  of  the  cleavages  possessed  by  a  substance,  and  the  form  of 
its  crystals. 

In  certain  minerals,  such  as  sulphate  of  lime,  the  cleavage  may 
be  effected  with  the  greatest  ease,  and  transparent  nacreous  plates 
ire  T^eadfly  separated,  either  by  a  knife,  or  by  the  use  of  the  nail 
alone,  l^his  extreme  facility  is,  however,  very  rare ;  and  it  seldom 
h^ipens  that  the  cleavage  of  a  mineral  can  be  determined  without 
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the  use  of  considerable  force.  The  best  method  of  doing  this,  is 
to  place  a  chisel  or  some  other  sharp  instrument  in  the  presumed 
direction  of  the  required  cleayage,  and  then  striking  it  with  a 
hammer  or  mallet. 

The  cleavage  of  many  crystalline  bodies  can  only  be  determined 
on  closely  examining  their  structure  by  the  aid  of  a  strong  tran»- 
mitted  light ;  on  doing  which,  a  series  of  parallel  lines  naturally 
drawn  on  the  feces  of  the  crystal  will  be  observed.  If  a  sharp 
instrument  be  now  pressed  on  the  surface  of  the  crystal  witn 
its  edge  parallel  to  the  direction  of  those  lines,  the  cleavage 
may,  in  most  instances,  be  readily  effected  by  a  blow  struck  on 
the  back. 

Primitive  mn4L  flcemidarr  F^rms. — By  extending  the  idea  of 
cleavages  to  those  minerals  which  do  not  appear  to  possess  that 
property,  it  is  easy  to  conceive  that  every  crystal  contains  a  sort  of 
central  nucleus,  around  which  its  faces  are  systematically  placed. 
This  central  foundation,  which  is  purely  hypothetical,  is  called  the 
primitive  form  of  the  crystal ;  and  the  secondary  forms  are  those 
which  are  derived  from  it  by  the  apparent  modification  of  its  angles 
and  edges.  The  reunion  of  the  laws,  accx)rding  to  which  the 
secondary  faces  are  derived  firom  the  primitive  form,  is  called  the 
crystalline  system. 

Crystalline  System. — It  is  necessary  to  distinguish  between  the 
crystalline  system  and  the  primitive  form.  The  right  rhombic 
prism,  for  example,  is  a  crystalline  system;  but  the  rhombic 
prism,  nnder  the  angle  lOP  42',  is  the  primitive  form  of  sulphate 
of  baryta ;  whilst  that  under  the  angle  104°  is  the  primitive  form 
of  sulphate  of  strontia. 

The  sulphates  of  baryta  and  strontia  consequently  crystallise  in 
the  same  systems ;  but  as  the  angles  of  the  hypothetic  radicals 
possess  different  values,  their  primitive  forms  are  necessarily 
different. 

Govemlny  Forms. — Among  the  various  forms  assumed  by  the 
crystals  of  a  mineral  substsoice,  two  or  three  are  invariably  the 
most  common,  and  in  almost  all  cases  communicate  their  general 
appearance  to  all  the  crystals  of  that  body.  Thus  the  crystals  of 
fluoride  of  calcium,  although  frequently  exhibiting  very  numerous 
modifications,  possess  the  general  forms  of  the  cube  and  the  octa- 
hedron, although  in  many  instances  the  angles  and  edges  are  modi- 
fied by  almost  innumerable  facettes  belonging  to  some  of  their 
derived  forms.  The  governing  forms  are  usually  either  the  primi- 
tive form  of  the  crystal,  or  one  or  two  of  its  more  simple  modi- 
fications, although  some  instances  occur  in  which  their  derivations 
are  much  more  complicated. 

The  terms  employed  in  the  description  of  crystals  are  the  same 
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as  those  ordinarily  used  in  geometry,  with  the  exception  of  a  very 
few,  which  are  peculiar  to  crjrstallography. 

Whoi  the  base  of  the  prism,  fig.  5,  is  replaced  by  two  faces, 
^,  ^,  it  is  said  to  be  surmounted  by  a  bevelment. 
1£,  iostead  of  two  feces  being  placed  on  the  base, 
sereral  planes  exist  which  intersect  each  other  in  a 
given  point,  the  base  of  the  prism  is  said  to  be  termi- 
nated m  a  point. 

When  the  angles  or  edges  of  a  crystal  present  the 
appeanmce  of  being  cut  away,  and  are  replaced  by 
pjffiie  feces,  which,  nevertheless,  do  not  afiect  the  ^ 

general  form  of  the  body,  they  are  said  to  be  trun- 
cated, and  the  crystal  is  then  in  a  sort  of  transition  state  from  the 
goreming  form  to  another  more  or  less  complicated. 

L«w«  mi  Symmetry. — These  laws,  which  were  first  discovered  by 
Haiiy,  regulate  the  passage  of  crystals  from  one  form  to  another. 
According  to  these  laws,  if  a  modification  exists  on  any  part  of  a 
crystal,  the  same  modification  should  present  itself  in  all  its  other 
similar  parts.     The  figures 

A 


6  and  7  will  serve  to  ex- 
plain this  idea.  Pig.  6  re- 
presents a  six-sided  regular 
prism,  which  is  composed 
of  three  distinct  kinds  of 
elements. 

Istly.  Twelve  horizontal 
edges  belonging  to  the  base,  **  ^' 

equal  among  themselves,  and  similarly  situated  with  regard  to  the 
axis  of  the  crystal 

2dly.  Twelve  solid  angles  disposed  in  the  same  manner. 

3diy.  Six  vertical  edges. 

The  twelve  angles  and  twelve  edges  of  the  base  are  replaced  by 
two  aeries  of  facettes,  so  disposed  that  those  marked  b\  placed  on 
the  horizontal  edges,  form  equ^  angles  with  the  base,  whilst  the 
feoettes  aS  placed  on  the  an^es,  are  also  similarly  disposed. 

It  will  be  remarked  that  the  vertical  edges  of  the  prism,  which 
belong  to  a  third  order  of  elements,  have  not  been  modified,  although 
this  might  have  occurred  by  the  application  of  a  third  order  of 
feeettes. 

The  cube,  fig.  7,  ofiers  another  example  of  the  laws  of  svmmetry. 
Its  six  faces  are  placed  tangentially  on  the  six  solid  angles  of  the 
octahedron ;  and  the  angles  which  they  form  with  the  faces  of  the 
polyhedron  have  all  an  equal  value.  In  fact,  the  modification 
which  takes  place  in  crystab,  being  the  result  of  certain  forces 
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which  oblige  the  molecules  of  which  the  body  consists  to  assume  a 
crystalline  form,  it  follows  that  they  should  act  in  the  same  manner 
on  similar  parts  of  the  same  crystal. 

Hemllietfral  Crystals. — These  laws  sometimes  present  certain 
apparent  exceptions.  Thus  the  crystals  of  boracite,  which  crys- 
tallise in  the  cubic  system,  are  only  modified  on  each  of  their 
alternate  solid  angles.  Haiiy  remarked  that  this  property  had  a 
constant  relation  with  the  electro-polarity  of  the  crystal,  and  con- 
cluded that  those  angles  which  correspond  to  the  poles  of  the 
crystal  were  not  modified.  This  supposition  would  seem  to  be 
verified  with  regard  to  the  tourmaline  and  silicate  of  zinc ;  but 
iron  pyrites,  and  some  other  minerals  which  are  not  possessed  of 
electric  properties,  present  the  same  anomaly. 

•f  the  CryBtalllne  Systems  and  tbelr  Yarlons  Modlfleatlons. — 
The  same  mineral  frequently  assumes  various,  and  sometimes  very 
dissimilar  forms;  but  all  substances  identical  in  their  chemical 
composition  are  foimd  in  forms  derived  fix)m  the  same  crystallo- 
graphic  radical. 

Substances  differing  in  their  chemical  composition  possess  dis- 
tinct primitive  forms.  These  forms  are,  however,  not  unfrequently 
analogous,  and  only  differ  from  each  other  in  the  measurement  of 
their  angles.  Sometimes,  on  the  contrary,  they  differ  entirely  in 
the  arrangement  of  their  planes,  edges,  and  angles,  and  in  this 
latter  case  are  said  to  belong  to  different  crystalline  systems. 
These  systems  are  six  in  numW,  and  comprehend  every  descrip- 
tion of  crystallised  body  which  can  possibly  occur,  either  in  nature 
or  in  the  laboratory  of  the  chemist. 

According  to  the  definition  which  has  been  given  of  a  ciystal,  it 
is  necessary  that  its  faces  should  be  systematically  arranged,  either 
wholly  or  by  groups,  around  an  imagmary  line  called  an  axis.  In 
order,  then,  to  establish  the  number  of  crystalline  systems,  it  will 
be  sufficient  to  discover  the  different  arrangements  which  may  be 
assimied  by  planes  obeying  the  laws  of  symmetry  around  three 
axes  which  cross  each  other  in  a  given  point  in  space. 

We  may,  in  the  first  place,  suppose  that  the  three  axes  intersect 
each  other  at  right  angles :  or  one  of  them  may  form  a  right  angle 
with  the  two  others,  which  may  themselves  intersect  at  an  oblique 
angle.  Again,  an  axis  may  be  perpendicular  to  one  only  of  the 
other  axes,  which,  as  in  the  preceding  instance,  intersect  at  an 
oblique  an^le.  And,  lastly,  the  whole  three  axes  may  intersect 
each  other  m  an  oblique  direction. 

The  lengths  of  these  axes  must,  moreover,  be  either  equal  or 
unequal ;  and  from  hence  arise  the  six  different  relations  corre- 
sponding to  the  six  crystalline  systems. 
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1st.   SECTAKGULAB  AXES. 

Case  1.  The  three  axes  of  equal  length. 
„    2.  Two  axes  equal,  ana  the  third  unequal. 
„    8.  All  three  axes  of  unequal  length. 

2in).   OBLIQTTE  AXES. 

Case  1.  The  three  axes  of  equal  length. 
„     2.  Two  axes  equal,  and  the  third  unequal. 
„     3.  All  the  axes  of  unequal  length. 

The  crystalline  systems  which  correspond  to  these  different  rela- 
tioosare — 

I.  The  cubic. 
H.  The  right  square  prismatic. 

III.  The  rectangular  prismatic. 

IV.  The  rhombohedral. 

V.  The  rhomboidal  oblique. 
YL  The  doubly  oblique. 

1st.  cubic  system. 

The  Ciii>e  is  formed  of  six  equal  squares,  each  of  which  may  be 
taken  as  its  base.  All  its  solid  and  plane  angles  are  right  angles. 
It  is  composed  of  two  distinct  sorts  of  elements, — ^viz.,  eight  soHd 
angles ;  twelve  edges  formed  by  the  meeting  of  two  planes.  Each 
of  the  angles  of  a  cube  is  at  the  same  distance 
from  a  central  point  determined  by  the  inter-  "R^^^^f^  " 
section  of  the  diagonals  connecting  its  oppo-  ^^ 
site  solid  angles.  The  twelve  edges  and  six 
&ce8  are  similarly  arranged.  It  follows  from 
this  circumstance  that  the  figure  is  perfectly 
symmetrical,  and  will  admit  of  a  series  of 
circles  being  drawn,  either  tangentially  to  its 
sides  or  edges,  or  passing  through  its  eight 
solid  angles.  As  the  axes  of  the  cube,  three 
straight  lines,  x,  y,  -r,  fig.  8,  passing  through  the  centre  of  the  three 
planes,  p,  p,  p,  and  parallel  to  the  edges,  b,  b,  b,  may  be  most  con- 
Teniently  taken. 

It  is  evident  that  each  of  the  faces  of  the  crystal  will  be  perpen- 
dicular to  one  of  these  axes,  and  parallel  to  the  two  others ;  and 
if,  therefore,  we  call  a,  their  lengtn,  the  feces  of  the  cube  may  be 
represented  by  the  expression— 

0:  00   a:  00  a. 
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The  cube  possesses  two  distinct  sorts  of  elements,  and  the  modi- 
fications which  produce  its  derived  forms  may  exist  separately 
either  on  its  angles  or  edges.  They  are  also  capable  of  assuming 
different  positions. 

1st.  The  planes  of  the  new  feces  may  be  equally  inclined  on  the 
edges  or  aug^les  on  which  the  modifications  take  place,  and  in  that 
case  are  said  to  be  tangents  to  those  angles  or  edges. 

2d.  They  may,  on  the  other  hand,  have  different  inclinations  on 
the  faces  of  the  crystal,  which  meet  at  the  modified  edges  or  angles. 

From  these  arrangements,  two  completely  different  classes  of 
polyhedrons  arise.  In  the  first  case,  the  resulting  crystals  are 
identical ;  in  the  second,  they  are  simply  regular. 

TAKGEirriAL  MODiriCATIOKS. 

Tanireiittal  Modlflcatlons  of  tbe  Angries. — ^According  to  the  laws 
of  symmetry,  when  a  modification  takes  place  on  one  of  the 
elements  of  a  cn^stal,  the  same  modification  should  be  reproduced 
upon  all  its  similar  elements.  In  conformity  with  this  prmciple,  if 
we  suppose  that  by  the  action  of  some  force,  of  the  nature  of 
which  we  are  ignorant,  one  of  the  angles  of  the  cube  be  not  deve- 
loped, but  is  replaced  by 
the  facette,  a ,  fig.  9, 
having  an  equal  inclina- 
tion on  each  of  the  three 
faces  of  the  cube,  each 
of  the  angles,  a,  will 
necessarOy  undergo  the 
same  modification,  and 
eight  precisely  similar 
hcettes  will  be  produced 
on  the  eight  solid  angles  of  the  figure.  In  proportion  as  these 
new  or  secondary  feces  increase,  those  of  the  original  cube  will 
diminish,  and  a  point  will  at  length  be  attained,  at  which  the  pri- 
mary form  will  have  entirely  disappeared,  and  the  regular  octa- 
hedron, fig.  10,  be  produced. 

Reiriiiar  •etahedron. — The  inclination  of  each  of  the  faces,  a\ 
being  the  same  with  regard  to  the  three  axes  of  the  original  cube, 
the  resulting  octahedron  is  regular,  each  of  the  triangles  composing 
its  plane  faces  being  not  only  equilateral,  but  also  of  equal  dimen- 
sions. This  fifi;ure  consists  of  two  distinct  elements, — ^viz.,  five 
quadruple  solid  angles;  twelve  edges  resulting  from  the  inter- 
section of  its  planes. 

Tmnireiitial  Modlflcatlons  of  tbe  Edses. — A  plane  tan^entially 
affecting  one  of  the  edges  of  a  cube  should  be  reproduced  on  all 
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the  twelve  silnilar  edges  of  that  body ;  and  consequently  a  fiffure 
of  twelve  sides,  or  a  dodecahedron,  should  finally  be  the  resiut  of 
such  modifications.  Since  the  faces  of  this  new  figure  are  placed 
at  equal  distances  from  the  centre  of  the  original  cube,  ana  form, 
according  to  their  construction,  equal  angles  with  its  three  axes, 
this  secondary  figure  will  necessarily  be  regular. 

The  dodecahedron  is  composed  of  12  faces. 
„  „  24  edges. 

„  14  angles. 

Its  &ee8  are  rhombs,  of  which  the  angles  measure  109°  28'  16" 
and  7(f  31'  4A'\ — ^the  same  as  those  of  the  dihedral  angles  of  the 
r^ular  octahedron. 

The  edges  are  of  equal  lengths. 

The  solid  angles  are  unequal,  and  of  two  different  kinds.  Six, 
formed  by  the  meeting  of  four  planes,  correspond  to  the  angles  of 
the  reffular  octahedron ;  and  eight,  produced  by  the  meetmg  of 
three  planes,  correspond  to  the  eight  solid  angles  of  the  cube. 

The  method  of  production  of  this  figure  from  the  cube  and  re- 
gnlar  octahedron    is  the 
same.     Its  mode  of  gene-        ^    y  ^^ 
ration  from  the  cube  is  re-     ^{^'^"M^ 
presented  in  fig.  11,  whilst 
the  relative  positions  of  its 
Bereral  angles  and  edges 
in  relation  to  the  elements 
of  its  crystaJlographic  radi- 
cal, are  seen  in  fig.  12. 
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BYMMETMCAL  M0DiriCi.TI0NS  GIS  THE  EDGES. 


The  HexAtetrabedron. — ^If  we  suppose  that  a  face  be  produced 
on  an  edge  of  the  cube,  in  such  a  way  as  to  be  unequally  inclined 
on  the  base,  and  the  vertical  face  placed  next  the  observer,  the 
laws  <rf  symmetry  render  it  necessary  that  a  similar  plane  should 
be  produced  on  the  other  side  of  the  same  edge,  in  sucn  a  way  that 
if  the  point  b,  fig.  13,  represents  the  projection  of  the 
edge,  the  two  feces  whidi  will  be  produced  on  it  wiU 
be  represented  in  profile  by  bA,  nh^ ;  each  edge  will 
be  replaced  by  two  feces,  fig.  14,  and,  as  the  crystal- 
line radical  is  bounded  by  twelve  equal  edges,  the 
secondary  solid  will  possess  24  feces.  Prom  the  cir- 
enmatance  that  the  &.cettes  formed  on  the  edges  of 
the  cube  may  possess  any  given  inclination,  it  follows  that  the 
nnmber  of  tnese  figures  may  be  unlimited ;  but,  on  examination, 
this  is  found  not  to  be  the  case,  as  nature  only  affords  seven 
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different  crystals  of  tliis  class.     The  hexatetrahedron,  fig.  15,  pre- 
sents the  general  form  of  a 
^^?^         ^-£<;^^lil^^S^       cube,  each  face  of  which  is 
Z^Vn         Ka  i-i  Vlx  l\      replaced  by  a  pyramid  with 

a  sqaare  base.     It  is  com- 
posed of — 

24  isosceles  triangles 
36  edges 
14  BoUd  angles. 
The    edges    are    of    two 
kinds, — 12  which  are  identical  with  those  of  the  cube,  and  24  which 
meet  at  a  point  beyond  the  axes  of  the  cube. 
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MODIFICiLTIONS  ON  THE  ANGLES, 

Parallel  to  the  Dlasonals — The  Trapezohedron. — The  modifi- 
cations on  the  angles  are  of  two  kinds;  they  may  be  either 
parallel  to  the  diagonals  of  the  &ces  of  the  cube,  fig.  16,  or  placed 
with  various  degrees  of  inclination.  Li  the 
first  case,  the  resulting  solids  have  24  faces, 
since  each  of  the  eight  angles  of  the  cube 
win  give  place  to  three  faces.  In  the  second, 
the  number  of  modifications  will  be  doubled, 
and  consequently  the  figure  will  have  48 
faces. 

16. 

Fig.  17  represents  the  trapezohedron.     This  figure  is  com- 
posed of — 
24  faces 
48  edges 
26  solid  angles. 
Its  faces  are  symmer 
trical,  quadrilateral  fi- 
gures, having  two  kinds 
of  sides  and  three  spe- 
cies of  angles ;  the  con- 
tiguous    sides     being 
equal,   as  also  all  the 
similar  angles.     The  forty-eight  edges  are  of  two  kinds ;  the  longer, 
s,  E,  join  two  to  two  the  angles  of  the  octahedron.     The  twenty 
shorter  edges,  a,  e,  join  in  the  same  way  the  angles  of  the  cube. 

This  form  may  also  be  produced  by  modifications  on  the  eight 
solid  angles  of  the  octahedron,  as  shown  in  fig.  18,  in  which  case 
the  trapezohedron  will  be  complete  as  soon  as  the  faces  of  the 
original  octahedron  have  completely  disappeared. 
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MODEFICATIONS  ITOT  PARALLEL  TO  THE  DL1€K)KALS. 

Tke  •ctaklshexahedroii. — In  this  case  we  hare  to  suppose  tliat 
the  modifications  on  the  angles  of  the  original  crjst^  are  not 
parallel  to  the  diagonals,  and  consequently  each  of  the  angles  of 
the  cube  will  be  replaced  by  six  new  faces  (fig.  19).  When  these 
hare  completely  destroyed  the  planes  of  the 
crystalline  radical,  a  figure  having  48  sides 
(fig.  20)  will  be  produced.  This  figure  con- 
sists of — 

48  scalene  triangles 

72  edges 

26  solid  angles. 
The  edges  are  of  three  kinds :  twenty-four,  s,  d, 
taken  two  and  two,  join  the  axes ;  twenty-four  others,  d,  a,  join 
together,  two  and  two,  the  angles  of  the  cube ;  and,  lastly,  the 
twenty-four  which  remain  join  the  angles  of 
the  octahedron  to  those  of  the  cube.  The 
solid  angles  are  also  of  three  kinds:  six 
an^ee,  s,  occupy  the  position  of  the  angles 
of  the  octahedron ;  eight  others,  a,  corre- 
spond to  those  of  the  cube ;  and,  lastly,  the 
twelve  angles,  d,  are  so  situated  as  to  occupy 
the  centre  of  the  fSaces  of  the  dodeca- 
hedron. 

The  different  suppositions  which  have  been 
made,  and  which  amount  to  five  in  number, 
embrace  the  principal  modifications  which  take  place  on  the  cube 
and  its  derived  forms,  and  show  that  this  system,  which  is  by  far 
the  most  complicated,  gives  rise  to  but  a  few  varieties  of  solid 
polyhedrons. 

HEMIHEDBAL  CBT8TAL8. 

Although  it  has  been  announced  as  a  general  law,  that  whenever 
an  angle  or  edge  of  a  crystal  is  modified,  all  the  corresponding 
parts  of  that  cirstal  are  similarly  affected,  some  remarkable  excep- 
tions to  this  rule  are  occasionally  met  with. 

The  cube  does  not  afford  any  examples  of  these  half  crystals, 
since  every  solid  body  must  at  least  possess  four  plane  faces,  whilst 
the  cube  itself  is  composed  but  of  six,  and  therefore  could  not  give 
rise  to  a  body  having  half  that  number. 

Tetrmk€«r«ii. — On  the  contrary,  one-half  of  the  faces  of  the 
octahedron  are  frequently  wanting,  and  the  tetrahedron  (fig.  21) 
18  thus  obtained. 
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Penta^nal  Dodecmhedron. — Another  very  common  example  of 
these  half  crystals  is  furnished  by  the  polyhedron,  which  we  have 
described  under  the  name  of  the  hexatetrahe- 
dron,  of  which  the  form  is  that  of  the  cube  sur- 
it^ounted  by  a  four-sided  pyramid  on  each  of  its 
six  plane  faces. 

If  in  this  solid  twelve  alternate  faces  be  sup- 
pressed in  such  a  way  that  there  shall  be  but 
one  modification  on  each  edge,  as  shewn  in 
fig.  22,  in  which  the  twelve  unaflected  faces  are 
'^'*  shaded,  the  resulting  polyhedron  will  be  com- 

posed of  twelve  similar  pentagonal  planes,  fig.  23. 

The  pentagonal  dodecahedron  is  composed  of  36  edges,  which 
are  of  two  kmds ;  six  of  these,  a,  constitute  the  bases  of  the  pen- 
tagonal planes,  and  corre- 
spond by  their  position  to  the 
&ces  of  the  cube;  twenty- 
four  edges,  c,  differently 
placed  two  to  two.  The 
angles  are  also  of  two  kinds : 
twelve  formed  by  the  meeting 
of  three  edges,  a,  which  are 
irregular,  and  composed  of 
angles  of  different  values; 
and  twelve  regular  angles,  b, 


A 


22. 


which  occupy  the  position  of  the  angles  of  the  cube. 
Its  opposite  fSaces  are  parallel  two  to  two. 
Trmnsposcd  Crystals. — The  only  compound  or  transposed  crys- 
tals belonging  to  this  type  are  observed  to  occur  in  specimens  of 
spinel,  octahedral  iron  ore,  and  the  diamond.  In  these  cases  the 
crystals  consist  of  two  half  octahedrons,  so  joined  as  to  give  rise 
to  a  retreating  angle,  as  seen  in  fig.  25. 

In  order  to  comprehend  the  nature  of  these  crystab,  let  ub 
suppose  the  octaheoron  (fig.  24)  has  by  some  cause  been  divided 

into  two  equal  parts  by 
the  plane,  mn  o  p  r  s, 
drawn  in  a  direction 
parallel  to  the  ^ce, 
A,  E,  D,  of  the  crystal. 
If  we  now  imagine  that 
one-half  of  the  octahe- 
dron has  been  caused 
to  make  on^-sixth  of  a 
revolutioUf  so  that  the 
point  m  of  the  higher 
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portion  coincides  with  the  point  n  of  the  lower,  all  the  points, 
mn  on,  will  exactly  cover  each  other,  and  three  projecting  and 
three  retreating  angles  are  formed.     This  is  precisely  the  appear- 
ance presented  by  the  compound  crystals  belonging  to  this  type ; 
and  the  above  explanation  is,  in  a  geometrical  point  of  view,  per- 
fectly satisfactory.     It  is,  however,  impossible  to  say  what  is  the 
real  process  employed  by  nature  to  effect  these  changes,  as  there 
is  no  evidence  to  show,  and  it  is,  in  fact,  very  improbable,  that 
transposed  specimens  ever  existed  as  simple  crystals ;  and  conse- 
quently the  only  use  of  these  suppositions  will  be  as  a  sort  of  arti- 
ficial aid  to  the  mind  in  tracing  out  the  different  relations  between 
the  various  crystalline  forms. 

In  taking  simple  polyhedrons,  such  as  the  cube,  <&c.,  as  the 
primitive  forms  of  crystals,  we  are  in  like  manner  obliged  to  sup- 
pose the  various  momfications  to  have  taken  place  on  the  angles 
and  edges  of  the  more  simple  bodies  subsequently  to  their  forma- 
tion ;  whilst  in  reality  it  is  most  improbable  that  such  should  be 
the  ease,  since  crystals  thus  modified  are  found  to  be  similarly 
affected  even  when  too  small  to  be  perceived  bv  the  naked  eye ; 
and  on  placing  them  in  their  proper  solutions,  tnese  may  be  made 
to  attain  a  lai^  size  without  in  the  least  degree  affecting  the  cha- 
racter or  numoer  of  their  modification. 

SECOm)  CBTSTAXLDTE  SYSTEM. 
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In  the  cubic  system,  the  three  axes  around  whick  the  faces  of 
the  crystal  are  arranged  are  at  right  angles,  and  all  of  equal  lengths. 
In  the  present  case,  let  us  suppose  that  the  axes 
are  still  at  right  angles  with  each  other,  but  that 
one  of  them,  the  vertical  axis,  is  variable  in  its 
length,  whilst  the  two  others  remain  equal.  This 
condition  destroys,  to  a  certain  degree,  the  regu- 
larity of  the  crystal,  which  in  consequence  becomes 
merely  symmetrical:  its  horizontal  section  is  a 
square,  and  its  vertical  a  rectangular  parallelo- 
gram. This  solid  is  therefore  a  straight  prism, 
with  a  square  base,  or  a  right  square  prism,  of  which  p,  fig.  26,  is 
the  base,  and  m  m  its  vertical  faces. 

Blenents  of  the  Rl^ht  Sqnare  Prism.  —  In  this  prism  the 
solid  angles  are  composed  of  three  plane  right  angles  placed  at 
equal  distances  from  the  centre  of  the  crystal,  and  are  in  conse- 
quence not  only  equal,  but  also  identical  in  their  positions.  These 
are  distinguished  by  the  letter  a. 

The  edges  are  of  two  kinds — 

Eight  horizontal,  B,  not  only  of  equal  lengths,  but  placed  at  the 
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same  distance  from  the  centre,  and  consequently  all  modified  at 
the  same  time. 

Four  vertical  edges,  which  differ  from  those  of  the  hase,  and  all 
similarly  placed  around  the  vertical  axis.  These  are  consequently 
cf  the  same  kind,  and  are  represented  by  the  letter  h. 

It  follows  from  these  relations  that  the  right  square  prism  is 
subject  to  three  distinct  kinds  of  modification. 

Let  a  be  the  length  of  the  eight  equal  edges,  and  b  the  length 
of  the  four  which  are  vertical 

As  the  relative  lengths  of  these  two  distinct  elements  of  the 
solid  are  perfectly  undetermined,  it  necessarily  follows  that  an 
infinite  number  of  right  square  prisms  may  exist ;  and  it  is  pre- 
cisely this  difference  of  relation  oetween  the  edges  marked  b  and 
those  marked  h  which  serves  to  distinguish  the  diflerent  substances 
crystallising  imder  the  form  of  the  right  square  prism. 

The  base,  f,  will  intersect  the  vertical  axis  at  a  distance  A,  and 
will  be  parallel  to  the  two  which  are  horizontal.  With  regard  to 
the  vertical  faces,  precisely  the  reverse  of  this  will  occur,  and  con- 
sequently their  expressions  are — 

For  the  base,  P,  .....  .    co  a  :  co  a  :       h. 

For  the  faces,  m, a  :  co  a  :  co  h. 

Modtllcatlons  on  the  Edses  of  the  Base. — From  what  has  been 
said  relative  to  the  laws  of  symmetry,  it  is  evident  that  if  one  of 
the  edges  of  the  base  of  the  right  square  prism  be  modified,  all  the 
others  must  necessarily  be  affected  in  the  same 
way,  and  the  solid  (fig.  27)  will  be  produced, 
which,  when  the  planes,  b\  have  become  fully 
developed,  will  appear  as  a  symmetrical  octahe- 
dron. A  series  of  octahedrons  can  be  thus  pro- 
duced, since  the  different  inclinations  which  may 
be  assumed  by  the  planes,  b\  will  continually  vary 
the  height  of  the  crystal ;  but  in  all  cases  its  sec- 
tion parallel  to  the  two  other  axes  will  produce  a 
square. 

Modlflcatlons  on  the  Yertieml  Edses. — K  these 

modifications  are  tangential,  a  second  right  square 

prism  is  produced,  as  seen  in  fig.  28.     When  the  modifiying  planes 

are,  on  the  contrary,  applied  obliquely  to  the  edges  of  the  crystal, 

the  eight-sided  symmetrical  prism  (fig.  29)  is  the  result. 

Modifications  on  the  Annies. — When  the  direction  of  the  modi- 
fyins;  planes  are  parallel  to  the  diagonal  of  the  base,  a  series  of 
octahedrons,  of  which  the  edges  of  the  base  are  pw^Uel  to  the 
diagonab  of  the  base  of  the  original  prism,  is  produced.     If  these 
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secondaiT  faces  are  combined  with  those  of  the  primitive  solid,  the 
lesulting  figure  is  a  rhomboidal  dodecahedron,  in  which  part  of 
the  faces  belong  to  the  original 
ciygtal,  and  tbe  eight  others  are 
the  rrault  of  the  octahedral  modi- 
fication. When  the  secondary 
fiices  are  not  parallel  to  the  diago- 
nals of  the  base  of  the  primitive 
solid,  a  double  plane  is  produced 
on  each  solid  angle,  and  a  figure 
of  sixteen  sides  is  ultimately  ob- 
tained, presenting  the  appearance 
of  two  eight-sided  pyramids  joined 
by  their  bases. 

It  is  remarkable  that  nature 
presents  no  example  of  perfect 
crystals  of  this  description,  although  they  are  frequently  met  with 
in  combination  with  other  forms  in  the  zircon,  idocrase,  and 
peroxide  of  tin.  Its  most  common  appearance  in 
the  zircon  is  that  indicated,  fig.  30,  in  which  the 
faces,  a*,  are  those  of  the  new  solid. 

The  most  firequent  examples  of  half  or  hemi- 
bedral  crystals  offered  by  this  system  occur  in 
copper  pyrites,  which  is  often  found  crystallised  in 
the  form  of  tetrahedrons. 
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We  have  again  in  this  case  the  three  axes  placed  at  right  angles 
to  each  other,  but  all  of  unequal  lengths.     The  solid  which  results 
from  this  arrangement  is  a  straight  prism  with  a 
rectangular  base  (fig.  31). 

This  crystal  is  composed  of  four  edges  on  each 
base — ^two  long,  b,  and  two  short,  d. 

It  consequently  follows  that  the  rectangular 
system  possesses  four  distinct  elements — ^three 
lands  of  edges,  and  one  kind  of  angles — each  ca- 
pable of  separate  modification,  and  necessarily  af- 
Kcting  the  secondary  forms  assumedby  the  crystal. 

The  notation  of  the  different  faces  of  the  prism  will  be — 

For  the  base,  p,    oo  5  :   oo  c  :        h, 

„  M,     b  \    Qo  c  :   (x>  h. 

b  I         c  :    Qo  h. 


^. 
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MoAlficatlons  on  the  E4ses. — In  this  prism,  since  the  vertical 
edges  are  all  situated  at  equal  distances  from  the  axis,  they  should 
apparently  be  all  subject  to  modification  at  the  same  time.  This 
is,  however,  not  the  case ;  for  inasmuch  as  the  faces,  M  and  t,  are 
not  of  the  same  kind,  the  modifications  which  may  take  phice  on 
the  vertical  angles,  arising  from  the  intersection  of  these  two 
planes,  are  not  necessarily  double. 

When  modifications  take  place  on  the  edges,   H,  in  such  a 
way  that  the  new  planes  produced  are  parallel  to  the  diagonals  of 
the  original    crystal,  the  right   rhombic  prism 
a^^^^p^^     (fig.  32)  is  formed,  which  is  by  many  mineralo- 
•xrn  ■i^-'tfrK      g^^g  itself  taken  as  the  primitive  form  from  which 
they  derive  the  right  square  prism.     The  circum- 
stance of  the  laws  of  symmetry  not  exacting  a 
return  of  the  facettes  in  the  modifications  wmch 
take  place  on  the  vertical  edges  of  the  solid,  allows 
of  the  production  of  various  prisms  of  four,  six, 
and  eight  sides,  the  derivation  of  which  wiU  be 
readily  understood  by  reference  to  figs.  33,  34,  35. 
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Modifications  on  the  Edyes  of  the  Base. — The  edges  of  the  base 
being  of  two  difierent  kinds — the  one,  b,  long,  and  the  other,  d, 
short,  it  necessarily  follows  that  they  allow  of  separate  modifica- 
tion. K  B  or  n  be  affected  separately,  the  summit 
7-  j^  J\  of  the  crystal  will  be  surmounted  by  two  planes, 
J'}^f^\  which  intersecting  at  a  given  height,  produce  the 
appearance  represented  in  fig.  36,  in  which  the 
edge,  B,  is  that  supposed  to  be  modified. 

By  the  modification  of  b  and  d  at  the  same  time, 

a  series  of  octahedrons  with  rectangular  bases 

(fig.  37)  are  obtained,  of  which  the  heights  vary 

with  the  incbnation  of  the  secondary  faces  on  the 

edges  of  the  original  crystal. 

Modifications  on  the  Angles. — AH  the  modifications  which  arise 

on  the  angles  of  this   solid  give  rise  to  rhombic  octahedrons, 

which  differ  from  each  other  according  to  the  inclinations  of  their 

producing  planes. 

It  frequently  happens,  however,  that  two  or  more  of  these  octa- 
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liedioiu  exist  on  the  same  crystal,  aa  in  fig.  38 — a  common  form 
of  the  oystals  of  sulphur — a  substance  a.ffording  some  of  the  most 
heaotiiul  oystals  belonging  to  this  class. 


37. 


POUBTH  CBTSTALLimS  SYSTEM. 

Tkt  BMomb«tae«iTon. — The  three  preceding  classes  comprehend 
aQ  the  solids  of  which  the  axes  are  placed  at  right  angles  to  each 
other;  and  we  now  turn  our  attention  to  the  consi- 
deration of  those  of  which  the  axes  are  obliquely 
ttranged,  examining  also,  as  in  the  former  case,  the 
different  relations  which  may  exist  between  them. 

Kwe  suppose  all  these  axes  to  be  of  equal  length,    b^  J^^^^ 
the  rhombohedron  (fig.  39)  will  be  found  to  be  the  ^^"^"^sj/^ 
only  solid  fulfilling  the  required  conditions.     This 
figure  possesses  four  distinct  kinds  of  elements,  viz.: — 

Two  angles  at  the  summit,  a  and  A^ 

Six  lateral  angles,  e,  e',  &c. 

Six  culminating  edges, ;  three  meeting  at  the  sum- 
mit, A,  and  the  three  others  at  a^ 

Six  lateral  edges,  arranged  in  zig-zag  around  an 
imaginary  line  connecting  the  solid  angles  a  a'.  This, 
from  the  great  symmetry  of  its  relations  with  the  various  elements 
of  the  crystal,  may  be  adopted  as  its  vertical  axis,  but  it  is  neces- 
sary to  bear  in  mind  that  in  this  case  the  other  axes  will  be 
represented  by  the  diagonals  of  the  hexagonal  plane  obtained  by 
making  a  section  through  the  crystal  in  the  centre  of,  and  perpen- 
dicular to,  this  new  axis. 

The  notation  of  the  faces  of  the  rhombohedron  in  relation  with 
these  several  axes  will  be — 

a  :  a  :  qd  a  :  h. 

Since  this  solid  possesses  four  distinct  kinds  of  elements,  it 
neeessarily  follows  that  the  rhombohedron  admits  of  four  different 
Bjstems  of  modifications. 

■•tfUlcKtloiu  on  the  Cnlmlnatliiff  Edyes. — If  these  modifica- 
tkais  are  tangentiaUy  applied  to  the  edges  of  the  original  crystal, 
another  solid  is  produced,  called  the  equi-axe  (fig.  40),  having  thfl[^ 
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same  height  as  the  primitive  solid,  but  a  much  greater  lateral  exten- 
sion. If  another  plane  be  applied  to  the  culminating  edges  of  the 
equi-axe,  another  crystal  will  be  produced,  having  a  still  more 
flattened  appearance  than  the  first.  These  crvstals  are  very  com- 
mon in  carbonate  of  lime,  and  this  variety  is  frequently  known  as 
nail-headed  spar.  When  these  modi- 
fications are  unequally  inclined,  two 
distinct  faces  will  necessarily  be  pro- 
duced, and  the  resulting  solid  is  a  tri- 
angular dodecahedron  or  scalenohedron. 
Modlflcatlons  on  the  Lateral  Edses. 
— If  these  new  faces  are  tangents  to 
the  lateral  edges  of  the  rhombohedrouy 
the  six-sided  prism  (fig.  41),  terminated  by  the  planes,  P,  belonging 
to  the  original  solid,  will  be  produced.     When,  on  the  contrary, 

the  modifying  planes  are  plaeed 
obliquely  on  the  lateral  edges  of 
the  crystal,  according  to  the  laws 
of  symmetry,  two  new  faces  will 
be  formed  on  each  edge,  and  a  new 
solid  or  scalenohedron  (fig.  42)  will 
be  generated. 

Modlllcatioiis  on  the  Angles  of 
the   Sammlts. — Tangential  modi- 
fications on  the  angles  a,  a'.  These 
will  at  first  produce  a  triangular 
face  on  the  angles,  which,  if  fully 
developed,  generate  the  base  of  the 
six-sided  prism  above  described. 
K  the  modifications  are  not  tangential  to  their  angles,  but  are 
parallel  to  the  horizontal  diagonal  of  the  crystal,  they  ynil  be 
replaced  by  thi^  faces  belonging  to  another  rhom- 
bonedron.     Should  the  mo^fying  planes  not  be 
placed  parallel  to  the  diagonal,  the  summit  of  the 
crystal  will  be  surmounted  by  a  six-sided  pyramid 
belonging  to  a  scalenohedron. 

Modifications  of  the  Lateral  Angles. — When  the 
modifications  on  these  angles  are  caused  by  planes 
applied  tangentially  to  the  angles,  a  regular  six- 
sided  prism  is  produced,  which  difiers  from  that 
obtained  by  modifications  of  the  lateral  edges,  inas- 
much as  the  edges  of  the  one  are  placed  in  the 
centre  of  the  faces  of  the  other. 

When  the  secondary  planes  are  not  tangents  to 
the  modified  angles,  two  distinct  facettes  are  pro- 
duced on  each,  and  a  series  of  dodecahedral  solids  is  thajresult. 
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Hiis  sp^bem  ofiers  many  examples  of  compound  and  deformed 
dystals. 

Tig.  43  is  a  scalenohedron  of  this  kind,  whicli  presents  the  appear- 
ance of  haying  been  divided  through  its  centre  perpendicularly  to 
its  longest  axis,  and  would  seem  to  have  made  one-sixth  part  of  a 
RTolation  around  it,  so  that  by  the  meeting  of  two  dissimilar  edges 
a  series  of  retreating  angles  hare  been  produced.  This  form  is  of 
frequent  occurrence  in  specimens  of  dog-toothed  carbonate  of  lime, 
and  has  also  been  occasionally  met  with  in  crystals  of  carbonate  of 
inm  from  the  neighbourhood  of  St.  Austell  in  Cornwall. 
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Where  a  crystal  possesses  three  oblique  axes,  of  which  two  are 
of  equal,  and  the  third  of  unequal  length,  the  resulting  solid  will 
be  an  oblique  rhombic  prism,  having  sides  of 
equal  length,  and  of  which  the  transverse  sec- 
iaima  will  be  rhombs. 

If  in  fig.  44  we  suppose  the  two  axes,  x  x', 
and  z,  e',  which  are  of  equal  length,  to  be  repre- 
sented by  a,  and  the  vertical  axis  by  A,  the  nota- 
tkm  of  each  of  the  vertical  faces  wm  be — 


00  a  ; 


00  A; 


and  that  of  the  base — 


00  a  :      OD  a  : 


44. 


In  the  oblique  rhombic  prism  the  sides  of  the  base  are  all 
equal  between  themselves ;  but  their  relative  position  with  regard 
to  the  vertical  axis  is  different.  The  two  which  unite  at  the  angle, 
o,  in  front  of  the  crystal,  are  of  one  kind ;  whilst  A,  £,  those  which 
meet  on  the  back  of  the  crystal,  are  of  another  kind. 

Of  the  four  angles,  that  marked  o  is  composed,  when  the  angles 
of  the  faces,  m,  m,  are  obtuse,  of  three  obtuse  plane  angles,  whilst 
the  angle,  a,  on  the  opposite  side  is  formed  by  the  meeting  of  two 
acute  angles  and  of  one  that  is  obtuse.  An  analogous  difference 
would  be  observed  in  the  case  of  the  prism  being  acute. 

The  two  anfi;les,  £,  which  are  composed  of  equal  plane  angles, 
and  of  which  the  diagonal  is  horizontal,  are,  on  the  contrary,  of 
equal  value,  and  perfectly  similar.  It  follows,  fix)m  the  nature  of 
the  obhque  rhombic  prism,  that  it  possesses  seven  distinct  elements, 
each  subject  to  specific  modifications,  viz. : — 

Two  angles,  a,  situated  at  the  extremities  of  one  of  its  diagonals. 

Two  angles,  o,  „  „  /  i 
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Four  angles,  e, — ^two  situated  on  the  inferior,  ajid  two  on  the 
superior  base  of  the  crystal. 

Four  edges,  b, — two  on  the  inferior,  and  two  on  the  superior 
base. 

Four  edges,  p,  similarly  placed. 
Two  vertical  edges,  h. 
Lastly,  two  other  vertical  edges,  g. 

MoOUlcatlans  on  the  Angle,  A.^ — The  truncations  which  take 
place  on  this  angle  may  be  of  three  kinds, — 

Istly.  The  projection  of  the  modifying  plane  on  the  base  may  be 
parallel  to  the  diagonal,  E,  e.     This  is  the  most  common  case. 

2dly.  The  projection  on  the  base  may  not  be  parallel  to  this 
diagonal,  whilst  the  intersections  with  the  lateral  faces,  m,  are 
pai^el  to  the  diagonal  of  the  face  opposite  the  modified  angle. 

3dly.  The  whole  of  the  secondary  faces  may  be  arranged  without 
any  parallelism  with  regard  4o  the  diagonals  of  the  faces. 

When  the  modification  takes  place  in  a  direction  parallel  to  the 
diagonal  of  the  base,  a  simple  truncation  takes  place  on  the  angle 
A,  and  a  bevelment  represented  in  fig.  45  is  produced. 

If  the  projection  of  the  secon- 
\y  daiy  face  be  parallel  to  the 
diagonal,  e,  o  (fig.  46),  two 
modifying  planes,  c,  n,  r,  and 
c,  n\  r',  will,  according  to  the 
laws  of  symmetry,  be  pro- 
duced ;  and  the  intersection  of 
these  planes  gives  rise  to  the 
bevelment  shown  in  the  above 
figure,  in  which  the  faces,  for 
the  sake  of  distinction,  are 
partially  shaded. 
When  the  line  e,  n,  is  not  placed  in  a  direction  parallel  to  the 
diagonal,  e,  o',  the  general  arrangement  of  the  crystal,  vnth  that 
exception,  is  the  same  as  when  another  bevelment  is  produced  on 
the  angle.  It  is,  however,  less  regularly  placed  with  regard  to  the 
elements  of  the  original  solid ;  and  it  becomes  necessary,  in  order 
to  express  its  notation,  to  state  the  distances  at  which  the  facettes 
intersect  either  the  axes  or  the  sides. 

Modifications  sometimes  occur  on  the  angle  o :  but  these  are  of 
rare  occurrence. 

Modifications  on  the  Angles,  E. — ^These  angles  being  of  the  same 
kind,  any  modification  affecting  one  must  necessarily  be  reproduced 
on  those  of  the  same  name. 

The  facettes  formed  on  these  angles  may  present  the  same  varia- 
tions as  those  noticed  with  regard  to  the  angle,  a.    , 
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llODIFICATIOlsrS  PABALLEL  TO  THE  DIAGONAL  A  O  OP  THE  BASE. 

We  vill  in  tlie  first  place  consider  the  modifications  which  take 
place  in  a  direction  parallel  to  the  diagonal  of  the  base. 

Let  e  n  r,  &  nf  r,  (fig.  47)  represent  the  planes  of  the  tnin- 
cations  produced  on  the  angles,  e,  and  rn,  r'  n',  their  projections 
on  the  base.  K  we  now  extend  these  planes 
until  they  intersect  in  /,  k,  we  shall  form  a 
berelment  on  the  base  which  will  entirely 
destroy  it  as  soon  as  the  faces,  m,  m,  are  ex- 
tended so  as  to  join  the  two  secondary  faces. 
Similar  planes  will  of  necessity  be  produced  on 
the  lower  angles,  b',  b',  and  the  resulting  crys- 
tal, as  the  figure  shows,  is  possessed  of  consi- 
derable symmetry. 

When  the  modifications  are  parallel  to  the 
diagonal,  B,  a',  of  the  crystal,  the  bevelment 
which  is  produced  is  less  symmetrical  than  that 
which  is  caused  by  the  facettes,  of  which  the  47^ 

projections  are  parallel  to  the  diagonal :  some- 
times, though  rarely,  other  planes  are  produced  on  the  opposite 
sides ;  the  pyroxene  ofiers  the  only  example  of  these  return  faces 
in  crystals  thus  modified. 

Analogous  berelments  are  sometimes  produced  by  the  modifica- 
tions parallel  to  the  diagonal,  a,  e',  of  the  face  on  the  opposite  side 
of  the  crystal. 

Finally,  when  the  facettes  which  occur  on  the  angle  are  not 
parallel  to  any  of  the  diagonals,  another  species  of  bevelment  is 
produced. 

M^tflflcatlons  on  the  Yertlcml  Ed^es. — These  edges  are  of  dif- 
ferent kinds ;  the  two  marked  H  being  placed  at  the  extremity  of 
the  smaller  diagonal,  whUst  o,  g,  are  situated  at  the  termination  of 
the  larger.  It  follows  from  this  circumstance  that  they  are  not  at 
the  same  distance  from  the  axis,  and  will  consequently  be  separately 
a^Rected. 

When  the  modifying  planes  are  parallel  to  the  longer  diagonal, 
a  six-sided  prism  (fig.  48)  is  produced,  in  which  the  fecettes  on  the 
edges,  o,  have  given  rise  to  two  new  faces,  ^*,  p^,  which,  together 
with  the  remnants  of  the  faces,  M,  form  the  new  figure. 

If  the  edges,  h,  had  been  modified  in  place  of  those  marked  g, 
another  oblique  six-sided  prism  would  be  produced,  and  two  new 
faces,  A',  substituted  for  those  above  described. 

In  the  case  of  modifications  occurring  on  h  and  G  in  the  same 
crystal,  the  resulting  solid  is  a  rectangular  prism  with  oblique 
hiaea.      This  form  is  sometimes  met  with,  particularly  in  the 
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pyroxene,  although  it  more  frequently  happens  that  the  secondaty 
laces  are  combined  with  those  of  the  crystallographic  radical ;  and 
when  these  are  found  together,  an  eight-sided  prism  is  the  result. 
When  the  secondary  fisu^ettes  are  not  parallel 
to  the  diagonals,  a  bevelment  takes  place  on  each 
of  the  modified  edges,  and  a  prism  of  at  least 
eight  sides  is  generated. 

in odiflcatlons  on  the  Edses  of  the  Base. — The 
edges  of  the  base  being  of  two  kinds  will  be 
modified  separately;  but  as  the  faces  of  the 
crystal  are  not  of  the  same  nature  as  the  base, 
double  fSacettes  are  seldom  produced,  and  the 
edges  are  consequentlymerely  affected  with  bevel- 
ments  of  different  inclinations.  The  edges,  b  and 
n,  are  sometimes  separately  subject  to  precisely 
the  same  changes,  which  are  of  the  nature  of  those  seen,  fig.  49. 
When  by  the  separate  modifications  of  both  these  edges  a  double 
truncation  is  produced,  the  bases  of  the  crystal  are  surmounted  by 

four- sided  pyramids,  which, 
on  destroying  the  feces  of  the 
original  solid,  give  rise  to  an 
octahedron  of  which  all  the 
faces  are  scalene  triangles. 

Hcmitrophlc  CrjrstaU.  — 
Many  crystals  belonging  to 
this  class  are  subject  to  dis- 
tortion or  deformity.  Feld- 
spar offers  a  yariety  of  exam- 
ples of  this  kind,  and  is  liable 
to  two  distinct  species  of  ex- 
ceptional formation. 
In  one  case,  half  the  crystal  would  appear  to  have  made  a  semi- 
revolution  in  the  direction  of  the  horizontal  diagonal  of  the  crystal, 
E,  E',  fig.  50,  when  a  retreating  angle  will  be  produced ;  and  in  the 
other,  a  similar  movement  would  seem  to  have  taken  place  in  the 
direction  of  a,  o ;  in  which  instance  the  external  form  of  the  crystal 
is  not  changed,  but  the  cleavage  is  found  to  be  abruptly  interrupted 
on  meeting  with  the  plane  of  rotation,  a,  o,  a',  o'. 
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When  the  three  axes  of  a  crystal  are  of  unequal  length,  the  solid 
is  no  longer  possessed  of  the  same  degree  of  symmetry,  and  the 
figure  resulting  is  an  oblique-angled  par^elogram. 

All  the  solid  angles  are  formed  by  the  meeting  of  plane  angles 
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of  different  values,  and  are  consequently  totally  independent  of 
each  other.     The  edges  of  the  base  are  also 
'perkctlj  distinct  in  their  nature ;  but  the 
Tertical  edges  are  of  two  kinds, — the  one 
species  marked  H,  and  the  other  g. 

This  system  contains,  therefore,  ten  dis- 
tinct elements,  viz. : — 

Four  kinds  of  angles ; 
Six  kinds  of  edges. 
From  the  number  of  elements  subject  to 
modification  possessed  by  this  solid,  it  would 
appear  that  the  changes  to  which  it  is  subjected  must  be  of  a  much 
more  complicated  character  than  those  affecting  the  foregoing  types. 
In  reality,  however,  this  multiphcation  of  elements  renders  the 
comprehension  of  the  secondary  facettes  exceedingly  easy,  as  they 
consist  of  simple  truncations,  which  are  not  repeated  on  the  other 
faces  and  an^es  of  the  crystal.  Fig.  52,  a  form  belonging  to 
axinite,  may  serve  to  iUuslrate  this  simplicity  of 
derivation.  In  this  crvstaL  four  distinct  elements 
are  modified, — ^viz.:  The  angle,  i,  and  the  three 
edges,  B,  o,  and  h. 

In  some  cases  the  opposite  angles  and  edges  are 
also  replaced  by  smaller  fSacettes,  which  may  some- 
times occasion  crystals  belonging  to  this  type  to 
be  confounded  with  those  of  the  preceding ;  but 
on  carefully  measuring  the  angles  and  faces,  they  will  be  found  to 
belong  to  separate  modifications. 

This  type  also  furnishes  examples  of  scalene  octahedrons,  which 
are  produced  either  by  the  simultaneous  truncation  of  its  angles, 
or  of  the  edges  of  the  base.  These  crystals  may,  however,  be 
easily  distinguished  from  those  belonging  to  the  foregoing  class  by 
the  circumstance  of  the  absence  of  that  degree  of  symmetry  ob- 
served in  those  belonging  to  the  fiflh  crvstalline  j^stem,  as  their 
sections  merely  afford  parallelograms,  whilat  two  of  tnose  belonging 
to  the  former  type  produce  rhombs. 

The  system  of  notation  to  be  applied  to  the  facettes  produced 
on  crystaLs  belon^g  to  this  system,  consists,  as  in  the  case  of  the 
others,  in  ascertamin^  the  distances  at  which  they  intersect  the 
several  axes.  But  this  method,  which  is  extremely  simple  in  the 
more  regular  types,  frequently  becomes  very  complicated  in  the 
doubly  oblique  prism. 


62. 


niMOBFHISM  AJSTD  FOLYMOBFHISM. 


It  was  for  a  long  time  believed  that  substances  possessed  of  the 
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same  chemical  compoBition  inyariablj  assumed  similar  crystalliiie 
forms.  The  progress  of  modem  discovery  has,  howerer,  shown 
that  under  certain  circumstances  the  same  substance  may  yield 
crystals  belonging  to  two  different  systems.  In  this  way  carbonate 
of  Hme  is  found  under  two  incompatible  forms.  It  usually  crys- 
tallises in  the  fourth  system,  and  all  the  fra^ents  produced  by 
cleavage  will  be  found  to  be  rhombohedrons  with  angles  of  105°  6 . 
Less  frequently,  specimens  of  this  substance  are  met  with  which 
crystallise  in  the  third  system,  and  present  cleavages  totally  diffe- 
rent from  those  observed  in  ordinary  calc-spar. 

The  form  of  dimorphous  bodies  appears  to  be  regulated  either 
by  the  temperature  at  which  the  crystals  are  obtained,  or  by  the 
nature  of  the  solution  from  which  they  are  deposited.  Sulphur, 
when  crystallised  by  fusion  and  subsequent  cooling,  affords  ctystids 
belonging  to  the  oblique  rhombic  system,  of  which  the  angle  at 
the  base  P  on  M  is  85°  65'  80",  and  that  of  M  on  M  90°  32'.  The 
same  substance,  when  obtained  by  the  spontaneous  evaporation 
of  its  solution  in  sulphuret  of  carbon,  yields  crystals  belonging 
to  the  right  rhombic  system  under  an  angle  of  101°,  47'  20". 
Substances  which  thus  crystallise  in  two  incompatible  forms  are 
said  to  be  dimorphous,  and  the  property  itself  is  termed  ^t- 
marphism. 

When  a  dimorphous  body  is  by  means  of  abnormal  influences 
made  to  assume  that  crystalline  form  which,  under  ordinary  cir- 
cumstances, is  not  proper  to  the  substance,  the  crystals  thus  pro- 
duced often  exhibit  a  tendency  to  molecular  chanffe,  which  soon 
destroys  their  transparency,  and  ultimately  causes  them  to  crumble 
into  powder.  This  peculiar  transformation  is  very  apparent  in  the 
crystals  of  sulphur  which  are  obtained  by  fiision.  When  thus 
produced  they  are  long  prisms  belonging  to  the  fifth  system,  of  a 
bright  straw  colour,  perfectly  clear,  and  slightly  flexible.  By 
exposure  to  ordinary  temperatures  they  soon  lose  their  trans- 
parency and  become  extremely  brittle.  If  we  now  examine  the 
powder  by  the  aid  of  a  microscope,  we  shall  find  it  to  consist  of 
minute  prisms  belonging  to  the  right  rhombic  system,  so  that 
the  crystals,  although  stifl  retaining  externally  their  original  form, 
are  in  reality  made  up  of  others  belonging  to  a  different  system. 
The  right  rhombic  prism  ia  the  crystalline  type  of  native  sul- 

Ehur,  as  also  that  of  the  crystals  of  this  substance  when  obtained 
•om  its  solutions  in  sulphuret  of  carbon ;  and  it  would  therefore 
appear  probable  that  the  natural  crystals  of  this  substance  are 
obtained  rather  by  the  vaporisation  of  some  volatile  matter  which 
held  the  sulphur  m  solution,  than  by  the  agency  of  heat  and  sub- 
sequent cooling. 
As  yet  we  are  not  acquainted  with  any  substance  that  is  capable 
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of  taking  more  than  three  distinct  cxystalline  forms,  although  it  is 
eaay  to  eonoeive,  that,  under  yarying  circumstances,  four  or  more 
difeent  forms  mi£;ht  be  assumed  hj  the  same  body,  in  which  case 
this  property  would  be  distinguished  by  the  name  of  polymorphism. 

ISOMOBPHISM. 

The  composition  of  a  body  cannot  be  accurately  determined  by 
the  genend  form  of  its  crystals.  If  the  substance  crystallises  in 
the  cubic  system,  it  would  evidently  be  of  little  utility  to  say  that 
it  crystallised  in  octahedrons  or  dodecahedrons,  as  aU  the  octahe- 
drons and  dodecahedrons  belonging  to  this  type  are  eyidently  in 
eveiy  respect  precisely  similar ;  and  this  description  would  there- 
fore be  equally  applicable  to  every  substance  crystallising  in  the 
first  system.  This  difficulty  no  longer  exists  when  we  consider 
the  ^YB  other  systems,  as,  although  two  different  substances  may 
crystallise  in  the  same  system,  and  consequently  assume  a  very 
similar  appearance,  yet  each  individual  will  possess  a  separate  pri- 
naitive  form,  differing  from  that  of  all  other  bodies  in  the  value  of 
ite  angles,  and  the  relation  of  its  axes.  Thus,  sulphate  of  baryta, 
and  sulphate  of  strontia,  both  crystallise  in  the  right  rhombic 
system;  the  former  imder  an  angle  of  101°  42',  and  the  latter  of 
10li°.  Although,  therefore,  these  two  substances  crystallise  in  the 
same  system,  and  consequently  very  closely  resemble  each  other  in 
appearance,  their  density  and  colour  being  nearly  the  same,  yet  in 
all  their  modifications  certain  relations  w3l  be  observed,  which  by 
calculation  may  be  traced  to  the  primitive  forms  above  given,  and 
\fj  these  means  the  two  substances  might,  in  case  of  need,  be 
distinguished  from  each  other,  although  accurate  measurements, 
and  in  some  instances  tedious  calculation,  would  be  required  in 
order  to  do  so  with  any  degree  of  certainty.  The  difficulty  of 
discriminating  between  various  substances  by  the  mere  inspection 
of  their  crystals,  is  much  increased  by  the  fact  that  bodies  having 
nmilar  chemical  relations  crystallise  in  forms,  which,  although  not 
precisely  identical,  yet  approach  so  nearly  to  each  other  in  the 
^ue  of  their  angles,  as  not  to  be  distinguished  without  great  care, 
and  the  employment  of  good  instruments.  The  carbonates  of 
lime,  magnesia,  manganese,  iron,  and  zinc,  all  crystallise  in  rhom- 
hohedrons.    The  value  of  their  respective  angles  is — 


Of  Carbonate  of  Lime 


Magnesia  . 
Manganese 
Iron  .  . 
Zinc       .     . 


105°    6' 
107°  25' 
107°  20' 
107° 
107°  40^ 
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Erom  the  similari^  of  the  angles  of  the  above  Bubstances,  it  is 
evident  that  a  mere  inspection  of  the  crystals  will  not  be  sufficient 
to  distinguish  them  from  each  other ;  and  in  order  to  do  so,  either 
accurate  measurement  or  chemical  investi&;ation  must  be  resorted 
to.  It  is  also  further  observed,  that  substances  which  possess 
this  close  similarity  of  crystalline  form,  and  of  which  the  general 
chemical  formula  are  analogous,  have  the  property  of  replacing 
each  other  without  materially  affecting  the  form  of  the  resulting 
crystals. 

In  this  way  the  foregoing;  carbonates  are  frequently  found  com- 
bined in  the  same  crystol,  the  angles  of  which  will  in  this  case  be 
remarked  to  be  intermediate  in  value  between  those  of  the  crystals 
of  the  two  substances  which  it  contains,  and  to  approach  most 
nearly  to  the  measurement  of  those  of  the  carbonates  which  may 
happen  to  be  present  in  the  largest  proportion.  If  a  mixture  be 
made  of  the  solutions  of  the  sulphates  of  iron  and  copper,  and 
crystallisation  be  effected  at  a  proper  temperature,  the  resulting 
crystals,  without  being  materially  affected  in  form,  will  each  contain 
a  portion  of  the  two  (ussolved  salts.  When,  instead  of  mixing  the 
salts  in  the  way  above  described,  we  place  a  crystal  of  sulphate  of 
copper  in  a  saturated  solution  of  sulphate  of  iron,  a  coating  of  the 
latter  salt  will  speedily  be  formed  on  the  former,  and  if  this  crystal 
be  again  placed  in  a  solution  of  sulphate  of  copper,  a  coating  of 
that  salt  may  be  formed  on  the  layer  of  sulphate  of  iron  before 
deposited.  Substances  which  thus  crystallise  in  the  same  system, 
and  are  capable  of  replacing  each  other  in  every  proportion,  without 
in  any  great  degree  affecting  the  form  of  the  resulting  crystal,  are 
said  to  be  uamorphaua,  and  the  property  itself  is  called  iaamor" 
phism. 

Although  substances  having  the  peculiarity  of  being  capable  of 
replacing  each  other,  without  producing  a  change  of  crystalline 
form,  are  found  to  possess  an  analogous  chemical  composition,  it 
does  not  follow  that  two  substances  having  a  general  resemblance 
in  this  particular  should  be  easily  made  to  combine.  If  mixed 
solutions  of  the  sulphates  of  iron  and  magnesia  are  allowed  to 
crystallise  by  spontaneous  evaporation,  the  two  salts  separate,  and 
distinct  and  pure  crystals  of  each  will  be  obtained. 

These  salts  have  a  similar  chemical  relation,  and  it  would  there- 
fore appear,  according  to  the  rule  above  mentioned,  that  they 
should  crystallise  together  in  all  proportions.  On  examining  the 
two  salts  thus  obtamed,  however,  they  are  not  found  to  contain  a 
proportional  (quantity  of  water,  and  therefore,  although  in  each 
case  the  relation  between  the  acid  and  base  is  the  same,  yet  the 
chemical  composition  of  the  two  must  not  be  regarded  as  similar, 
and  they  therefore  cannot  be  made  to  crystaUise  together. 
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PSETTDOMOBPHISM. 

It  aometimes  happens  that  hy  the  agency  of  certain  forces, 
ajBtals  undergo  a  change  of  composition  without  their  form  being 
in  the  least  degree  affected.  In  this  way  we  find  spinel  change 
into  steatite,  and  iron  pyrites  into  red  or  brown  iron  ore.  We 
also  frequently  observe  that  cavities  once  occupied  by  crystals  of 
feldspar  become  filled  with  peroxide  of  tin,  or  that  crystals  of 

rrtz  have  been,  as  it  were,  moulded  in  the  cavities  once  occupied 
fluoride  of  calcium.  It  is  extremely  difficult  to  understand 
how  some  of  these  changes  take  place,  but  the  same  causes  do  not 
appear  always  to  produce  the  enect.  Specimens  of  galena  have 
been  found,  in  which  one-half  the  crystal  is  composed  of  sulphate 
of  lead,  whilst  the  other  still  remains  in  the  state  of  sulphuret. 
In  this  case  the  oxidation  of  the  sulphuret  is  evidently  the  cause 
of  the  difference  of  composition,  and  therefore  the  chaoige  cannot 
be  ascribed  to  the  destruction  of  the  original  crystal  and  the  for- 
mation of  another  body  in  the  mould  left.  This,  however,  would 
appear  to  be  the  more  frequent  method  employed  by  nature  in  the 
formation  of  these  bodies,  although  it  is  difficult  to  understand 
what  could  have  been  the  nature  of  the  forces  by  means  of  which 
the  substances  -  composing  the  original  crystal  have  become 
removed.  The  pseudomorphous  crystals  of  quartz  and  oxide  of 
tin  are,  however,  evidently  casts  moulded  in  the  cavities  left  by  the 
destruction  of  other  and  differently  formed  bodies,  by  some  agent 
which  appears  in  no  degree  to  have  affected  the  rock  in  which 
they  were  imbedded,  as  the  angles  of  the  pseudomorphous  forms 
are  freauently  as  sharp  as  those  of  the  onginal  crystals.  Other 
bodies  besides  crystals  are  sometimes  replaced  in  the  method 
above  described,  and  in  this  way  it  is  no  uncommon  occurrence  to 
find  shells,  such  as  figs.  53,  54,  55,  56,  and  57,  replaced  by  iron 
pyrites. 


68.  64 

DETEBHINATIOir  JJH)  HEABUBSMEKT  07  CBTSTALS. 

Prom  the  circumstance  that  the  shape  of  a  crystal  is  invariably 
connected  with,  and  dependent  on,  its  chemical  composition,  it 
becomes  a  matter  of  importance  not  only  to  ascertain  to  what  par« 
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ticular  sj&tem  it  may  belong,  but  also,  from  an  accurate  measure- 
ment of  its  different  angles,  to  determine  its  primitive  or  distinctive 
form. 

The  system  to  which  a  crystal  belongs  may  in  most  instances 
be  ascertained  by  a  mere  examination  of  the  nature  of  its 
modifications,  although  even  this  cannot  in  all  cases  be  effected 
without  the  aid  of  an  instrument.  If,  however,  we  require  to 
know  the  characteristic  form  of  the  crystal,  that  is,  the  value  and 
relations  of  its  various  dimensions,  it  becomes  absolutely  necessary 
that  its  different  angles  should  be  accurately  measured,  and  in 
many  instances  trigonometrical  calculations  must  be  employed 
for  the  purpose  of  deducing  from  those  relations  which  admit 
of  direct  measurement,  such  as  cannot  at  once  be  thus  deter- 
mined. 

The  most  essential  operation,  in  order  to  ascertain  the  nature  of 
a  crystal,  consists  in  measuring  the  inclinations  of  its  various  faces 
on  each  other,  and  for  this  purpose  instruments  called  goniometers 
are  employed.  These  are  of  two  kinds,  as  the  angles  may  be 
either  directly  and  mechanically  measured  as  by  the  applied 
goniometer,  or  as  in  the  case  of  the  reflecting  instrument,  the 
supplementary  angles  are  those  alone  obtained  by  immediate 
observation. 

The  applied  goniometer,  fig.  58,  is  composed  of  a  divided  semi- 
circle, to  which  are  applied  two  metallic  hmbs,  of  which  one,  a,  6, 

is  fixed  at  o  on  the  divisions, 
whilst  the  other,  d^  /,  which 
is  moveable,  indicates  on  the 
half  circle  the  measurement 
of  the  angle.  In  order  to 
take  the  measure  of  an  angle 
by  means  of  this  instrument^ 
one  of  its  faces  should  be 
applied  on  the  fixed  limb 
a,  5,  in  such  a  way  that  the 
edge  of  the  angle  be  exactly 
perpendicular  to  the  plane  of  the  graduated  semicircle.  The 
moveable  limb  is  now  to  be  turned  until  it  comes  in  contact  with 
the  second  face  of  the  crystal,  forming  the  required  angle,  when 
it  is  evident  that  the  number  of  degrees  comprised  between  the 
two  limbs  will  be  the  measure  of  the  angle  of  tiie  crystal. 

The  two  limbs,  a  b,  d/y  have  the  power  of  moving  in  the  slots 
i  k,  gh,ld,m  such  a  way  as  to  admit  of  lengthening  or  shortening 
the  jaws  of  the  instrument  c  a,  c  cf,  so  as  to  adapt  them  to  the 
dimensions  of  the  crystal  to  be  measured.  "Without  such  a  con- 
trivance this  goniometer    would    be    comparatively  useless,  as 
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instances  frequently  occur  in  which,  either  from  the  size  or  situa- 
tion of  the  crystals  to  be  measured,  but  very  short  jaws  could  alone 
be  applied  to  them. 

This  instrument  is,  however,  never  used  when  very  accurate 
results  are  required,  as,  in  the  first  instance,  it  is  extremely  difficult 
to  ensure  perfect  contact  between  the  limbs  of  the  instrument, 
and  the  £&ces  of  the  crystal ;  and  in  the  second,  it  cannot  be  appHed 
to  such  as  do  not  possess  a  considerable  degree  of  hardness,  and 
is  consequently  seldom  applicable  for  the  measurement  of  those 
which  are  artificially  produced  in  our  laboratories. 

The  reflecting  goniometer  is  capable  of  affording  very  accurate 
results,  but  can  only  be  employed  for.the  measurement  of  crystals 
possessing  a  certain  degree  of  polish.  A  great  many  different 
mstruments  of  this  kind  have  frt)m  time  to  time  been  recommended 
by  mineralogists,  but  they  are  all  founded  on  the  same  principles 
as  the  goniometer  invented  by  Dr.  Wollaston,  and  which  is  that 
most  generally  employed. 


59. 

Wollaston's  goniometer,  fig.  59,  consists  of  a  vertical  brass  circle 
L  L'  graduated  on  its  edge,  and  mounted  on  a  horizontal  support, 
p  q  r.  This  circle  admits  of  being  turned  by  means  oi  the 
miUed-headed  nut  v.  The  vernier  u  w,  immoveably  fixed  to 
support  p  q,  by  a  brass  arm,  serves  to  measure  the  number  of 
degrees  through  which  the  edge  of  the  circle  has  been  made  to 
pass. 
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The  ajuB  which  supports  this  part  of  the  instrument  is  hollow,  • 
and  contains  another  moveahle  rod,  a  c,  turned  hj  the  nut  s.  At 
the  extremity  e,  of  this  interior  axis  a  c,  is  attached  a  universal 
joint  c  g  e  b,  on  which  the  crystal  Z  is  supported.  This  joint 
consists  of  a  semicircular  piece  of  hrass  c  g  e,  articulated  at  g,  and 
having  at  its  extremity  c,  a  hollow  cylinder  e  /,  split  so  as  to  act 
as  a  spring  on  the  rod  b  d,  which  is  turned  by  means  of  the  nut 
b.  The  rod  b  dia  itself  split  at  d,  where  a  thin  plate  of  brass  is 
inserted,  on  which  the  crystal  is  to  be  secured  by  a  little  softened 
wax.  The  crystal  being  thus  placed  on  the  moveable  interior  axis 
a  c,  may  be  turned  by  means  of  the  nut  s,  without  moving  at  the 
same  time  the  graduated  circle  of  the  instrument,  or,  if  the  nut 
©  be  employed,  both  the  circle  and  crystal  are  made  to  revolve 
together.  The  various  motions  of  which  the  support  c  g  e  b  d, 
adbmits,  make  it  easy  to  regulate  the  distance  between  the  crystal 
and  the  face  of  the  graduated  circle,  as  also  to  change  its  inclina- 
tion with  respect  to  the  plane  of  the  instrument.  This  facility  of 
adjustment  of  the  support  is  absolutely  necessary,  as,  in  order  to 
measure  the  dihedral  angle  of  a  crystal,  its  edge  must  be  brought 
exactly  parallel  to  the  axis  on  which  the  graduated  circle  is  made 
to  revolve :  without  which  precaution  the  angle  obtained  would  not 
be  that  of  the  crystal  exammed. 

When  the  instrument  is  to  be  used,  it  should  be  placed  on  a 
table  before  some  building  which  presents  several  horizontal  lines 
well  defined  on  its  exterior,  and  which  serve  as  sights  in  the  ope- 
ration of  measuring  a  crystal. 

The  edge  of  the  roof  is  usually  chosen  for  the  upper  sight,  and 
one  of  the  horizontal  bars  of  a  window  most  conveniently  answers 
the  purpose  for  the  lower  one. 

To  measure  the  angles  of  a  crystal  we  should  begin  by  getting 
the  graduated  plate  of  the  instrument  perfectly  vertical,  which  is 
effected  by  means  of  a  spirit  level  fixed  in  the  horizontal  foot,  and 
the  screws  x  x  x.  It  is  also  necessary  that  the  graduated  circle 
should  be  perpendicular  to  the  front  or  the  house,  and  consequently 
to  the  lines  which  serve  as  sights  in  the  observation  which  is  to 
follow.  The  crystal  should  now  be  fastened  on  its  support  with  a 
little  wax,  softened  by  the  addition  of  turpentine,  and  the  edge  of 
the  required  angle  brought  precisely  parallel  to  the  axis  of  the 
moveable  circle.  In  order  to  do  this  the  eye  is  placed  very  near 
the  crystal,  and  in  such  a  position  that  tlie  lower  sight  may  be 
seen  in  the  direction  of  its  edge.  The  interior  axis,  a  c,  is  then  to 
be  turned  in  such  a  way  that  the  eye,  still  retaining  the  same 
position,  may  be  enabled  to  see  the  upper  sight  reflected  in  one 
of  the  faces  of  the  crystal.  The  direction  of  this  reflected  image 
ought  to  be  rigorously  parallel  to  that  of  the  line  taken  as  the 
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lower  sight  seen  directly.  Should  this  condition  not  be  fulfilled, 
the  ciystal  must  be  readjusted  by  means  of  the  joints  attached  to 
the  support,  until  one  of  its  faces  is  found  to  be  perpendicular  to 
the  plane  of  the  graduated  circle.  If  the  second  face  satisfies  the 
same  conditions,  it  is  a  proof  that  the  edge  of  the  crystal  is  itself 
perpendicular  to  the  plane  of  the  instrument. 

It  frequently  happens  that  a  number  of  trials  haye  to  be  made 
before  the  complete  parallelism  of  the  edge  can  be  thus  established ; 
but  a  little  practice  soon  enables  this  to  be  done  with  considerable 
fiuslity. 

The  crystal  being  in  this  way  properly  placed,  we  may  proceed 
to  measure  the  angle.  For  this  purpose  180°  on  the  wheel  should, 
by  turning  the  nut  v,  be  made  to  comcide  with  o  %}n  the  vernier. 
The  crystal  is  now  brought  in  such  a  position  that  the  image 
of  the  upper  sight  reflected  on  one  of  its  faces  may  coincide 
with  the  bne  used  as  the  second  sight,  seen  directly.  This  is 
effected  by  turning  the  nut «,  which  moves  the  crystal  without 
affecting  the  position  of  the  divided  circle  LL'.  "We  now  turn,  hy 
means  of  the  nut  v,  the  plate  LL',  and  with  it  the  interior  axis 
a  Cy  together  with  the  crystal,  until  the  eye,  which  should  remain 
constantly  in  the  same  position,  perceives  the  higher  sight  reflected 
in  the  second  face  of,  and  in  coincidence  with,  the  lower  line 
chosen  as  a  sight,  at  the  beginning  of  the  experiment.  The  angle 
through  which  the  circle  has  moved,  and  which  is  the  supplement 
of  the  angle  of  the  crystal,  is  now  read  off  by  means  of  the  fixed 
vernier. 

In  order  the  better  to  understand  this,  let  us  suppose  that 
a  b  Cy  fig.  60,  is  the  position  of  a  dihedral  angle  when  the  eye  of 
an  observer,  o,  perceives 
the  image  of  the  upper 
sight  S,  reflected  on  the 
&ce  a  6  of  the  crystal, 
and  in  coincidence  at  the 
same  time  with  the  lower 
sight  M,  seen  directly. 
It  is  evident  that  before 
the  eye  can  perceive  the 
same  coincidence  on  the 
other  face  a  c  of  the 
angle,  the  crystal  must  have  assumed  the  position  a  b*  c',  to  effect 
which  the  face  a  c  must  be  made  to  descnbe  the  arc  m  n  j),  which 
will  be  the  supplement  of  the  angle  sought,  and  by  subtracting 
this  from  180°,  the  true  value  of  the  measurement  is  obtained. 

The  reflecting  goniometer  affords  means  of  measuring  the  angles 
of  ciystalfi  (if  they  present  good  reflecting  surfaces),  to  within  a 
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few  minutes  of  error ;  but  when  this  is  not  the  case,  it  is  some-' 
times  found  necessary  to  apply  a  piece  of  mica  to  its  faces,  in 
order  to  render  them  capable  of  reflecting  the  light  with  sufficient 
distinctness  to  allow  the  angles  to  be  taken. 

In  these  cases  the  thin  scales  of  mica  may  be  kept  in  their 
places,  either  by  a  little  gum  dissolved  in  water,  or  m  some  in- 
stances by  water  only.  When  this  means  is  employed,  the  results 
can  only  oe  regarded  as  being  mere  approximations  to  the  truth, 
and  when  the  nature  of  the  crystal  will  admit,  the  direct  gonio- 
meter should  be  resorted  to. 

METHODS  OF  OBTAHniTa  ABTIPICIAL  GBYSTALS. 

The  crystallisation  of  bodies  is  effected  either  by  fusion  and  after- 
wards allowing  them  to  cool,  or  by  their  solution  and  the  subse- 
quent cooling  or  evaporation  of  the  liquids  in  which  the  substances 
are  dissolved. 

The  metals  are  frequently  obtained  in  the  cnrstallised  state  by 
fusion.  If  a  few  pounds  of  bismuth  be  melted  in  a  crucible^ 
and  then  allowed  to  cool  until  a  pellicle  of  solid  metal  begins  to 
form  on  the  surface,  crystals  may  be  obtained  by  piercing  this 
crust  and  allowing  the  still  Jiquid  portion  in  the  centre  to  flow 
out.  On  breaking  the  shell  which  remains  after  this  operation,  it 
will  be  found  to  be  lined  with  beautiful  crystals  of  bismuth  be- 
longing to  the  cubic  system.  Lead,  when  heated  in  large  massesy 
and  slowly  cooled,  also  deposits  cr^rstals,  and  on  this  circumstance 
is  founded  one  of  the  most  recent  improvements  in  the  refining  of 
that  metal. 

Many  volatile  salts  and  other  bodies  may  be  obtained  in  a 
crystalline  state  by  sublimation.  In  this  way  calomel,  corrosive 
sublimate,  camphor,  iodine,  benzoic  acid,  naphthaline,  and  a  vast 
variety  of  other  substances,  are  crystallised  and  purified  at  the 
same  time  from  the  non-volatile  substances  with  which  they  may 
be  contaminated. 

The  metallic  salts  are  generally  more  soluble  in  hot  than  in  cold 
water,  and  they  are  usually  crystallised  by  allowing  a  solution, 
saturated  at  a  high  temperature,  to  cool  down  slowly  to  a  lower, 
when  a  portion  of  the  salt  corresponding  to  the  difierence  of  its 
BolubOi^  at  the  two  temperatures  will  be  obtained  in  a  crystallised 
form.  In  order  to  obtain  fine  crystals,  it  is  necessary  that  the 
cooling  should  take  place  as  gradually  as  possible,  as  if  this  were 
rapidly  effected  the  molecules  of  the  substance  appear  not  to  have 
time  to  arrange  themselves  in  accordance  with  their  several 
impulses,  and  a  deposit  of  the  salt,  in  the  form  of  a  sandy  powder, 
will  be  the  result. 

Digitized  by  LjOOQIC 


METHODS  OT  OBTAJmSGr  ABTIFTCIAL  CRYSTALS.  81 

"Wlien  particularly  fine  crystals  of  a  substance  are  required, 
inanu&*turers  are  in  the  habit  of  retarding  the  cooling  of  the 
solution  by  artificial  means,  such  as  surrounding  the  crystallisers 
inth  sawdust  or  some  other  non-conducting  substance ;  in  this 
W87,  and  by  placing  the  crystals  obtained  from  one  vessel  in 
another  containing  a  fresh  solution  of  the  salt,  very  large  speci- 
mens may  be  obtained. 

It  frequently  happens  that  a  neutral  solution  cannot  be  made 
to  yield  fine  crystals,  and  a  slight  excess  of  the  acid  which  it 
contains  may  in  most  instances  be  advantageously  added.  This 
addition  of  a  strong  acid  is  sometimes  found  to  assist  the  crystal- 
lisation of  other  substances  besides  salts.  Thus,  in  the  manu- 
&cture  of  tartaric  acid,  it  is  impossible  to  obtain  good  crystals  of 
that  substance  without  the  addition  of  a  small  quantity  of  sulphuric 
acid  to  its  various  solutions.  Light  also  appears  to  possess  con- 
siderable influence  on  the  phenomena  of  crystallisation,  as  crystals 
of  camphor,  when  found  on  a  glass  vessel,  are  invariably  observed 
to  be  attached  to  the  side  exposed  to  the  light ;  and  the  same  fact 
is  fi^quently  remarked  in  the  laboratory  with  regard  to  other 
substances  contained  in  the  bottles  on  the  shelves.  If  the  solution 
of  a  salt  be  allowed  to  crystallise  in  a  room  lighted  by  a  single 
aperture,  the  axes  of  the  crystals  will  all  be  turned  in  that  direc- 
tion, in  the  same  wav  that  plants,  when  similarly  situated,  are 
always  inclined  towards  the  light. 

Crystals  are  also  found  to  form  better  on  rough  than  on  smooth 
surfaces,  and  for  this  reason  a  nucleus  is  often  placed  in  the  liquor 
in  order  to  form  a  kind  of  foundation  for  the  crystals.  In  this 
way  we  find  sugar-candy  crystallised  on  strings,  bitartrate  of  potash 
on  sticks,  and  sulphate  of  copper  on  wires  of  the  same  metal. 

The  precise  form  assumed  by  crystals  of  a  given  substance 
ap^rs  in  a  great  measure  to  depend  on  the  circumstances  under 
which  they  are  produced.  Alum  purified  by  separate  crystal^ 
lisations  crystallises  in  octahedrons  ;  but  if  a  small  portion  of  an 
acid,  or  another  salt,  be  added  to  the  solution,  modified  crystals 
of  various  kinds  are  produced. 

With  nitric  acid  the  four  soHd  angles  of  the  octahedron  are  each 
repUced  by  a  face.  Hydrochloric  acid  gives  rise  to  the  faces  of  the 
ioosahedron  or  twenty-sided  figure*  Boracic  acid  determines  the 
formation  of  cubic  crystals.  A  few  drops  of  the  solution  of  car- 
bonate of  potash,  or  carbonate  of  ammonia,  produce  the  same 
result.  A  solution  of  alum  saturated  at  212°  yields,  on  cooling, 
octahedral  crystals  •,  but  if  the  solution  be  made  in  covered  vessels 
at  a  higher  temperature,  rhombohedral  dodecahedrons  and  trapezo- 
hedrons  will  be  produced.  From  these  observations,  made  by 
M.  Beudttit,  on  tne  crystallisation  of  this  salt,  it  is  probable  that 
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the  variouB  forms  asBiiined  hj  crystals  of  the  same  substanoe  de« 
pend  not  only  on  the  nature  of  the  mixtures  from  which  they  are 
deposited,  but  also  on  the  temperatures  at  which  their  solutions 
were  effected,  and  affords  another  reason  for  believing  that  the 
form  of  a  crystal  is  governed  by  the  nature  of  influences  developed 
previous  to  the  existence  of  the  first  portions  of  the  solid 
produced. 
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STATE  IN  WHICH  THE  METALS  AEE  FOUND  IN 

NATTJEE.— PHYSICAL  PEOPEETIES  OF 

MINEBALS, 

Sous  of  the  lees  ozidisable  metals  are  occasionally  found  in  the 
malleable  or  native  state,  although  the  larger  number  even  of  these 
are  commonly  associated  with  one  or  more  of  the  non-metallic 
elements,  such  as  oxygen,  sulphur,  or  arsenic.  Bj  far  the  greater 
portion  of  the  metals  are,  however,  met  with  in  combination  with 
one  or  other  of  the  three  elements  above  mentioned,  and  are  then 
said  to  be  mineralised.  The  resulting  compounds  are  called 
minerals,  and  when  these  can  be  employed  in  the  arts  for  the 
purpose  of  furnishing  the  metals  which  they  contain,  they  are 
known  by  the  name  of  ores.  Thus  a  copper  ore,  or  lead  ore, 
means  any  natural  combination  of  these  metals  with  other  bodies 
in  such  proportion  that  the  resulting  compound  admits  of  being 
advantageously  treated  for  the  metal  it  contains.  Many  of  the 
metallic  ores,  mstead  of  being  compounds  of  two  or  more  simple 
substances,  consist  of  natursl  metalliferous  salts,  and  of  these  the 
carbonates,  silicates,  sulphates,  and  phosphates,  are  among  the 
most  common  examples.  Among  the  metals  sometimes  occurring 
in  nature  in  a  firee  state,  are  gold,  platinum,  rhodium,  iridium, 
palladium,  silver,  copper,  mercury,  antimony,  and  bismuth.  The 
following  metals  are  almost  invariably  found  in  combination  with 
other  substances — ^manganese,  iron,  cobalt,  nickel,  chromium, 
tungsten,  molybdenum,  vanadium,  zinc,  cadmium,  lead,  tin,  tita- 
nium, and  uranium. 

stntctnre. — Although  mineral  substances  are  occasionally  met 
with  in  the  form  of  crystals,  they  occur  with  much  greater 
frequency  in  the  state  of  masses  possessing  little  or  no  trace  of 
crystalline  arrangement. 

These  massive  minerals  consist  either  of  grains  more  or  less 
minute,  of  leaves  or  laminsB,  or  of  small  columns  or  fibres.  In  the 
first  case  the  structure  is  said  to  be  granular,  in  the  second 
lamellar,  and  in  the  lAixrA  fibrous  or  columnar. 

When  the  structure  of  a  granular  mineral  is  roughs  it  is  said 
to  be  coarsely  granular,  as  in  some  varieties  of  marble. 

When  the  grains  are  fine,  it  \a  finely  granular,  as  in  granular 
quartz :  and  if  the  grains  are  so  excessively  fine  as  not  to  be 
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detected,  the  structure  is  said  to  be  impalpable^  as  in  the  case  of 
chalcedony. 

When  granular  minerals  admit  of  being  crumbled  between  the 
fingers,  they  are  said  to  be  friable. 

Lamellar  minerals  may  exist  either  in  thick  or  in  thin  leaves ; 
and  these  may  also  possess  the  property  of  being  more  or  less 
easily  separated  from  each  other.  When  the  laminsB  are  thin,  and 
easily  separated  from  each  other,  they  are  called /o/tViccotM.  If^ 
on  tne  contrary,  they  are  thick,  the  term  tabular  is  often  applied 
to  them. 

The  laminsB  of  which  minerals  are  composed  may  be  elastic,  as 
in  mica ;  Jlexible,  as  in  talc  or  graphite  ;  brittle,  as  in  the  case  of 
diallage. 

Minerals  possessing  a  columnar  structure  are  c&\leijibr<nis  when 
the  columns  are  very  minute  and  lie  in  the  same  direction,  as  in 
gypsum  and  asbestos. 

when  the  fibres  cross  each  other  so  as  to  form  a  kind  of  net- 
work, the  structure  is  termed  reticulated. 

When  the  lamine  radiate  from  a  common  centre,,  the  structuie 
is  known  as  radiated  or  divergent. 

The  forms  of  mineral  substances  are  also  frec^uently  expressed 
by  names  derived  from  bodies  to  which  they  are  supposed  to  bear 
a  certain  resemblance.  Thus  reni/orm  substances  are  those  pos- 
sessing the  shape  of  a  kidney.  When  the  surface  of  a  body  is 
made  up  of  groups  of  rounded  prominences,  it  is  called  botryoidal ; 
or  if  the  protuberances  be  of  larger  dimensions,  the  term  mammillary 
is  applied  to  it.  Filiform  means  like  a  thread ;,  and  a  parallel, 
needle-formed  structure,  is  called  acicular. 

It  sometimes  happens  Hhi^t  minerals  occur  in  the  form  of  conical 
masses  resembling  icicles,  which  in  many  instances  have  a  hole 
running  through  their  centre.  Carbonate  of  lime  offers  the  most 
numerous  examples  of  this  kind  of  formation,  which  is  commonly 
occasioned  by  the  dropping  of  water  from  the  roof  of  a  cavern.  In 
this  case,  the  water  surcharged  with  carbonic  acid  holds  the  car- 
bonate of  lime  in  solution ;  and  when  that  escapes^  the  mineral  is 
deposited  in  the  solid  form.  The  cones  thus  depending  from 
the  roof  have  received  the  name  of  stalactites,  and  are  in  most 
instances  placed  immediately  over  similar  formations  on  the  floor, 
called  stalagmites,  by  the  union  of  which  with  the  stalactites 
above,  complete  pillars,  from  the  floor  to  the  roof,  are  occasionally 
produced.  Chalcedony  and  brown  iron  ore  also  occur  in  the  form 
of  stalactites. 

Substances  having  no  regular  form  or  structure,  either  ciystal- 
^line  or  imitative,  arc  said  to  be  amorphous. 
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State  •#  Amrresmtton. — Minerals  may  be  either  brittle^  seetiie, 
wuMeahle^  flexible,  or  elastic. 

When,  on  attempting  to  cut  a  mineral,  portions  of  it  are  found 
to  break  off,  it  is  brittle, 

A  sectUe  mineral  is  one  from  which  thin  pieces  may  be  cut  with 
a  knife,  but  which  is  reduced  to  powder  under  the  blow  of  a 
iuunmer. 

A  substance  is  said  to  be  malleable  when  thin  pieces  of  it  may- 
be cut  off,  and  the  portions  thus  separated  admit  of  being  flattened 
by  hammering. 

When  a  mmeral  admits  of  being  bent,  and  is  not  possessed  of 
sufficient  elasticity  to  cause  it  to  resume  its  original  form  when  the 
force  deflecting  it  is  withdrawn,  it  is  said  to  heflexibUs  Talc  may 
be  cited  as  a  |;ood  example  of  this  property. 

If^  after  bemg  bent,  it  has  the  power  of  resuming  its  original 
position,  as  in  the  case  of  mica,  the  body  is  said  to  be  elastic. 

Frmetiire. — Minerals  are  possessed  of  four  different  kinds  of 
firacture ;  these  are  severally  termed  eonehoidaly  hackly y  even,  and 
mneven. 

When  a  substance  breaks  with  a  convex  and  concave  surface,  as 
in  the  case  of  flint,  its  fracture  is  conchoidal. 

When  the  elevations  are  sharp  and  uneven,  as  in  broken  iron,  it 
IB  hflckly. 

If  the  surface  is  nearly  flat,  its  structure  is  said  to  be  evetL 

The  fracture  of  a  substance  is  said  to  be  uneven  when  its  surfaces 
are  subject  to  various  elevations  and  depressions. 

■artfncM. — The  hardness  of  minerals  is  sometimes  employed  for 
the  purpose  of  distinguishing  them  from  each  other :  by  this  means 
we  oould  never  fail  to  recognise  the  diamond,  which  has  the  power 
of  scratching  all  other  bodies.  The  ruby  and  sapphire  also  scratch 
all  flubstanees,  with  the  exception  of  the  diamond.  This  test, 
moveover,  affords  an  easy  means  of  discriminating  between  real 
and  artificiai  gems,  as  the  extreme  hardness  of  the  one,  compared 
with  that  of  uie  other  class,  at  once  reveals  their  different  origin. 
For  the  same  reason,  it  would  be  impossible  to  confound  crystal- 
lised  carbonate  of  lime  with  gypsum,  as  the  former  is  possessed  of 
considerable  hardness,  whilst  the  latter  is  easily  marked  by  the 
mdL  These  distinctions  can,  however,  only  be  employed  in  cases 
where  considerable  differences  exist ;  for  as  yet  there  is  no  method 
known  of  discriminating  by  this  means  between  minerals  of  which 
Hhe  hardness  is  neariy  equal.  Eor  the  purpose  of  better  effecting 
these  distinctions,  substances  of  different  degrees  of  hardness  have 
been  seleeted  to  serve  as  t^pes  of  comparison.  They  are, — 1.  Talc ; 
2.  Oypsun^  8.  Crystallised  carbonate  of  lime;  4.  Fluoride  of 
«aiciam;  5.  Phosphate  of  magnesia;  6.  Feldspar;  7.  Quartz;  8. 
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Topaz;  9.  Conmdrum;  10.  Diamond.  In  order  to  indicate  tiie 
hardness  of  any  body  by  means  of  the  above  table,  it  is  usual  to 
give  the  two  numbers  between  which  the  intermediate  bodjis  placed 
with  re&fard  to  this  property ;  so  that  the  hardness  of  the  emerald 
would  be  expressed  by  7—8,  which  means  that  it  is  harder  than 
quartz,  and  less  resistant  than  the  topaz* 

•dour.— Some  minerals  have  the  property  of  giving  off,  under 
certain  circumstances,  fumes  possessed  of  an  odour  which  may  be 
employed  as  a  means  of  detecting  the  substances  which  they 
contain. 

If  an  ore  of  arsenic  be  rubbed  until  it  becomes  slightly  heated,  a 
distinct  smell  of  garlic  will  be  observed,  which,  on  heating  the  sub- 
stance before  the  flame  of  the  blowpipe,  becomes  still  more  appa- 
rent. This  odour,  which  is  characteristic  of  the  compounds  of 
srsenic,  is  termed  alHaceaus. 

When  selenium  or  a  seleniuret  is  strongly  heated,  a  distinct 
smell  of  decayed  horse-radish  is  perceived.  This  smell,  which  i» 
peculiar  to  burning  selenium,  is  known  as  the  horse-radish  odour. 

The  odour  proceeding  from  burning  sulphur,  or  the  roasting  of 
a  sulphuret,  readily  reveals  the  presence  of  that  substance,  and  is 
termed  sulphureous. 

When  certain  varieties  of  quartz  and  lime-stone  are  strongly 
rubbed,  they  give  off  the  odour  of  rotten  eggs.  This  peculiar  sn|^eu 
is  occasioned  by  the  evolution  of  sulphuretted  hydrogen ;  and  sub* 
stances  which  possess  this  property  are  teimed  fetid. 

Clays  and  other  substances  containing  large  quantities  of  alumina 
afford  a  peculiar  odour  when  breathed  upon ;  whilst  a  few,  such  a» 
pyrargilhte,  present  the  same  phenomena  when  heated.  This 
odour  is  termed  argillaceous^  and  may  frequently  be  observed  in  the 
open  air  just  as  the  ground  begins  to  get  moistened  by  a  shower. 

Taste. — The  taste  of  a  mineral  may  sometimes  be  employed  as  » 
means  of  its  determination,  although  it  seldom  happens  that  this- 
alone  can  be  considered  conclusive  evidence  of  its  composition. 

When  a  substance  tastes  like  ink,  it  is  said  to  be  asiringent. 

If  a  body,  as  in  the  case  of  common  alum,  possesses  at  the  same 
time  a  sweet  taste,  it  is  described  as  having  a  sweetish  astringent 
flavour. 

The  taste  of  common  salt  is  usually  called  saline. 

Tastes  similar  to  that  of  soda  are  termed  alkaline. 

Tastes  like  that  of  saltpetre  are  described  as  cooling. 

The  acids  are  sour,  and  certain  salts,  such  as  the  sulphate  of  mag- 
nesia,  extremely  bitter. 

Density  or  Spedile  Oiwvlty. — By  the  speciflc  gravity  of  a  sub- 
stance is  understood  its  weight  as  compared  with  that  of  an  equal 
bulk  of  some  other  body  ta^en  as  a  standard  of  calculation.    In 
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the  eftse  of  aolidfl  and  liquids^  distilled  water,  at  the  tempeiature  of 
60^  Faht.,  ia  taken  as  this  point  of  comparison ;  but  the  densities 
of  the  gases  are  usually  estunated  in  relation  to  coounon  air  taken 
asuni^. 

In  order  to  determine  the  specific  grarity  of  a  solid  bodj,  it  is  ne^ 
eeaasaryto  ascertain  its  weight  when  weighed  in  air,  and  also  to  learn 
how  much  it  loses  in  weight  by  immersion  in  water.  If  we  call  its 
weight  in  air  W,  and  its  weight  when  suspended  in  water  w,  it  is 
eri&nt  that  W — w  will  represent  the  weight  of  an  equal  bulk  of 
that  liquid,  as  whenever  a  solid  is  placed  in  a  liquid  which  covers 
it,  it  must  necessarily  displace  precisely  its  own  bulk  of  the  medium 
in  which  it  is  situated.  The  specific  tfravity  of  a  body  being  its 
wei^t  in  comparison  with  some  other  substance  taken  as  a  standardi 
it  ynH  easily  be  obtained  firom  the  above  data,  and  is  nothing  more 
than  the  relation  existing  between  W  and  W — to,  which  wm  con*" 

sequently  be  represented  by  

W — w. 

mj4tmtma€  telaaee. — The  most  common  method  of  taking 
flpeeific  gravities  is  by  means  of  an  ordinary  balance  (fig.  61),  of 
which  the  pans  are  suspended  by  strings  of  unequal  length.  In 
order  to  oDtain  a 
density  by  this 
instrument,  the 
snbstance  to  be 
operated  on  should 
be  attached,  by  a 
hair  or  filament 
of  silk,  to  the 
shorter  pan,  which 
has  a  hook  adapted 
to  its  under  side 
for  that  purpose. 
Weights  should 
DOW  be  added  in 
the  other  pan,  until  the  equilibrium  is  restored ;  and  when  this 
takes  place,  the  weight  W  will  be  noted  as  that  of  the  substance 
hi  air.  To  obtain  the  corresponding  Weight  of  an  equal  bulk  of 
water  at  the  tempei^ture  of  6(f  E^l^  a  vessel  of  that  liquid 
is  now  placed  under  the  shorter  pan  in  such  a  way  that  the  sus- 
pendcNd  fragment,  of  which  we  desire  to  know  the  density,  may.b^ 
completely  immersed  in  it,  and  weights  are  to  be  removed  from  the 
other  pan,  until  the  equilibrium  be  again  restored. 

This  second  weight,  w,  deducted  from  W, — ^that  obtained  by 
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weighing  the  substance  in  air, — gives  the  weight,  W — to,  of  an 

equal  volume  of  water,  and  the  required  density is  at  once 

found  by  dividing  the  weight  in  air  by  the  difference.  In  order 
to  conduct  these  operations  with  great  accuracy,  it  is  necessarv  to 
employ  a  very  delicate  balance,  and  to  remove  any  bubbles  of  air 
which  may  attach  themselves  to  the  substance  when  placed  in 
water,  by  means  of  a  feather  or  camel*  s-hair  brush.  The  tempera- 
ture of  the  water  should  also  be  kept  constantly  at  GO*',  and  any 
variation  of  the  barometer  from  80  inches  should  be  duly  allowed  for. 
Spedlle  Gravity  Battle. — In  cases  where  but  small  fragments  of 
a  substance  can  alone  be  obtained,  the  instrument,  fig.  62,  is  most 
conveniently  employed.  This  consists  of  a  small  bottle,  of  which 
the  stopper,  nicely  fitted  by  grinding,  is  traversed  by  a  capillaiy 
tube,  and  is  so  arranged  that  it  cannot  sink 
beyond  a  hne  marked  on  the  neck  of  the 
pmal.  By  this  means,  it  is  easy  to  obtain  a 
constant  weight  of  water  in  the  instrument, 
as,  if  it  be  filled  beyond  the  line  and  the 
stopper  afterwards  forced  into  it,  the  redun- 
dant liquid  will  escape  through  the  capillary 
tube,  and  the  bottle  remain  exactly  Aill. 

In  order  to  take  a  specific  gravity  by  the 
aid  of  this  phial,  it  should  first  be  weighed  fidl 
of  water,  a  counterpoise  equivalent  to  the 
weight  of  the  bottle  being  placed  in  the  oppo- 
site scale-pan.  The  substance  to  be  examined 
must  then  be  weighed  in  air,  and  afteniv  ards  dropped  into  the  bottle 
of  water,  care  bemg  taken  to  avoid  the  loss  of  the  most  minute 
portion.  The  stopper  is  then  replaced,  so  that  the  bottle  may 
a^;ain  remain  completely  full,  and  the  whole  is  re-weighed.  The 
difference  between  the  weight  of  the  bottle  of  water,  W ,  added  to 
the  weight  of  the  mineral  in  air,  W  or  "W-h  W,  and  that  of  the 
bottle  of  water  w,  when  containing  the  fragment  to  be  examined,  is 
evidentiy  "W+W— 1«^,  and  the  specific  gravity  sought  will  conse- 

W-hW 
quently  be  represented  by 


W+W- 

An  example  may  probably  render  this  explanation  more  easy  to 
understand. 

I  find  that  the  bottle  full  of  distilled  water  at  60  Faht.,  and  80 
inches  of  the  barometer,  weighs  995*74  grains  =  "W. 

And  the  substance,  which  is  crystaUised  sulphate  of  baryta, 
weighs  in  air  62*07  grains  =  W\ 
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The  bottle,  with  the  sulphate  of  harjta  and  water  together,  is 
found  to  weigh  1044'02  grams  =  w. 

The  united  weights  of  the  bottle  of  water  and  the  sulphate  of 
haiyta  together  being  1067-&1  grains,  =W+ W,  the  weight  of  the 
equi?alent  volume  of  displaced  water,  will  be  1057*81  — 104402  =s 
1879= W+ W— w.    It  therefore  follows  that  the  specific  gravity 

6207  W+W 

of  sulphate  of  baryta  is =  4.60  === 

^  ^  13-79  W  +  W— IT. 

A  cubic  foot  of  distilled  water  weighs  62*388  lbs. ;  and  conse* 
guently  the  saroe  bulk  of  sulphate  of  baryta  wiU  weigh  62*388  Iba, 
X  4-50  ?=  280-746  lbs, 
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CONSTITTJTION  OF  THE  EXTERNAL  CEUST  OF  THE 

EAETH. 

The  globe  on  which  we  live  is  made  up  of  mineral  substances  of 
veiy  various  natures. 

The  aggregations  of  these  minerals  are  called  rocks,  and  are 
found  to  differ  from  each  other,  nOt  only  in  their  chemical  compo- 
sition,  but  also  in  their  mechanical  structures. 

In  certain  rocks  the  minerals  are  arranged  with  a  sort  of  general 
regularity.  They  are  then  said  to  be  strati/led,  and  are  apparently 
divided  into  regular  parallel  layers,  which  may  often  be  traced  over 
a  considerable  extent  of  surface.  It  frequently  happens  that  these 
rocks  possess  great  facility  of  cleavage  in  the  durection  of  their 
stratification,  and  are  easily  split,  as  in  the  case  of  roofing  slates^ 
into  thin  sheets.  Those  which  possess  this  property  are  called 
stratified  rocks. 

Other  varietieB  of  rock  do  not  possess  this  property;  so  that 
when  they  are  divided  by  fissures,  the  cracks  do  not  appear  to 
follow  any  particular  direction,  but  take  place  with  various  mdini^ 
tions,  without  any  appearance  of  symmetry.  In  contradistinction 
to  the  others,  these  are  called  non-stratified  or  crystallised  rocks. 

The  non-stratified  rocks  are  composed  of  crystalline  minerals,  bo 
arranged  as  to  resemble  a  mass  of  mineral  substances,  which,  after 
being  fused,  had  been  allowed,  by  slow  cooling,  to  group  themselves 
according  to  their  respective  afl^ties.  The  result  of  such  an 
experiment  would  be  to  produce  a  semi-vitreous  mass  containing 
various  crystals  disseminated  in  an  arbitrary  manner  throughout 
its  substance,  and  possessing  no  appearance  of  regularity  in  their 
grouping.  The  non-stratified  rocks  present  precisely  tins  appeajv 
once,  and  are  consequently  supposed  to  have  oeen  modified  oy  the 
influence  of  extreme  heat,  from  which  circumstance  they  are  also 
called  Plutonic  or  igneous  rocks. 

The  stratified  rocks,  on  the  contrary,  present  appearances  similar 
to  those  which  occur  in  the  deposits  daily  ta^mg  place  in  the 
bottom  of  the  sea,  and  in  the  be<u  of  rivers.  The  vast  quantitieB 
of  remains  of  aquatic  animals  contained  in  almost  all  stratified  rocks 
also  renders  this  analogy  still  more  striking ;  and  geolorists  have 
therefore  come  to  the  conclusion  that  such  deposits  have  been 
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fisrmed  under  the  stir&ce  of  water,  and  have  consequently  assigned 
to  them  Uie  name  of  Neptunian  or  sedimentary  rocks. 

The  deposits  which  occur  at  the  bottom  of  seas  or  lakes  will 
nateaUj  take  the  form  of  horizontal  or  slightly  inclined  layers ; 
and  it  is  evident  that  those  which  occupy  the  lowest  position  are 
first  deposited. 

The  diferent  stratified  rocks  found  in  yarious  parts  of  the  world 
were  probabljr  formed  in  a  similar  way ;  and  it  therefore  follows 
that  those  wluch  are  fisuiihest  from  the  present  surface  were  formed 
prsfious  to  those  above  them,  and  that  consequently  the  relative 

ri  of  the  various  stratified  rocks  may  be  at  once  determined  by 
situation  which  they  occupy  in  the  series.  In  level  countries 
the  stratifications  are  found  lying  in  nearly  horizontal  beds ;  but  in 
moontainoufi  districts  the  different  layers  are  usually  very  much 
inclined,  and  in  some  instances  are  even  vertical. 

It  nlio  frequently  happens  that  strata  possessing  considerable 
indination  are  a£;ain  covered  by  a  series  ot  horizontal  beds,  which 
are  then  said  to  be  in  discordant  stratification  with  relation  to  the 
fimner. 

These  appearances  are  evidently  produced  by  some  violent  con- 
Tulaion  oi  nature,  by  which  the  beds,  which  were  in  the  first 
instance  horizontal,  were  forced  out  of  their  original  position  by 
the  upheaving  of  a  mass  of  non-stratified  rock,  carrying  with  it  in 
its  upward  movement  the  edges  of  the  strata  on  either  side.  If 
the  rocks,  after  having  assumed  this  position,  should  again  become 
covered  with  water,  it  is  evident  that  other  beds  having  a  nearly 
horizontal  direction,  and  being  therefore  in  discordant  stratification 
with  the  upheaved  portions,  will  be  deposited. 

A  case  of  this  kind  is  represented  by  fig.  63,  in  which,  afber 
nising  the  original  strata  to  a  considerable  distance,  the  igneoua 


68. 


rock  finally  bursts  through  them,  and  appears  as  a  granitic 
hilL  After  the  expiration  of  a  certain  tmie,  the  surface  has 
been  again  covered  with  water,  and  horizontal  deposits  have 
taken  plaoe,  although  the  summit  of  the  uplifted  granite  still 
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remains  above  the  whole.  The  sedimentary  deposits  in  the  imme- 
diate proximity  of  these  masses  of  the  primitive  rocks  which  have 
thus  been  forced  through  them  are  usually  found  to  be  considerably 
changed  in  their  structure,  and  the  change  becomes  more  apparent 
when  the  two  rocks  come  into  actual  contact.  Under  such  circum- 
stances, the  sedimentary  deposits  are  found  to  have  become  to  a 
oertain  degree  crystalline,  as  if  the  heat  produced  by  the  injection 
of  the  melted  mass  of  plutonic  rock  had  so  far  fused  the  secondary 
fiftrata  as  to  admit  of  their  several  constituents  arranging  themselves 
according  to  their  various  crystalline  impulses.  The  phenomena 
above  described  are  of  very  frequent  occurrence,  and  the  strata  thus 
modified  are  described  as  tnetamorphie  rocks. 

It  is  evident  that  the  change  of  level  produced  by  the  irruption 
of  the  igneous  rock  is  most  apparent  in  the  immediate  proximity 
of  the  irruptive  mass  itself,  and  that  they  gradually  subside  from 
those  points,  until,  at  no  very  considerable  distances,  they  again 
assume  their  original  positions. 

These  sudden  changes  of  level  necessarily  produce  strong  cur- 
rents and  eddies  in  kcalities  in  which  the  water  was  before  in  a 
comparative  state  of  rest ;  and  by  this  means  we  frequently  find 
hollows  formed  by  the  consequent  action  of  the  water  on  the  pre- 
viously deposited  strata.    Fig.  64  represents  a  valley  thus  produced 


by  the  action  of  a  current,  which,  instead  of  depositing  fresh  strata, 
as  in  the  case  of  a  smooth  lake,  has  removed  those  alreadv  formed, 
and  of  which  the  outcrop  may  be  traced  on  either  side  of  the 
cavity  produced. 

It  sometimes  happens  that  these  currents,  hollowing  out  the 
surfiEtce  of  the  earth  into  valleys,  have,  by  means  of  subsequent 
changes  of  level,  again  become  sufficiently  tranquil  to  allow  of  the 
deposit  of  fresh  strata  in  the  place  of  those  removed ;  and  in  this 
case  new  beds,  fiff.  65,  are  formed  in  discordant  stratification  with 
the  rocks  on  whicn  they  repose. 

Although  the  different  strata  of  which  the  earth's  crust  is  com- 
posed are  found  to  succeed  eaeh  other  in  regular  order  from  the 
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position  in  which  the  relative  age  of  any  particular  bed  may  be 
ascertained,  yet  it  seldom  happens  that  any  one  locality  possesses 
the  whole  of  them  without  interruption*  More  frequently  one,  or 
flometimea  several  members  of  the  series,  are  found  to  be  entirely 


wanting ;  and  from  this  we  may  infer,  either  that  the  locality  was 
not  covered  with  water  at  the  time  that  the  missing  strata  were 
being  deposited  elsewhere,  or  that  they  were  actually  formed,  and 
subsequently  removed  by  the  agency  of  currents,  as  before  explained. 

These  breaks  in  the  series  might  sometimes  lead  to  mistakes  with 
respect  to  the  precise  relative  ages  of  the  several  rocks,  did  not 
characters  of  a  different  class  lend  their  aid  in  the  determination  of 
the  epochs  of  their  formation.  The  greater  proportion  of  these 
sedimentary  deposits  retain  the  remains,  or  at  least  the  impressions 
left  by  the  various  plants  and  animals  which  inhabited  the  world 
at  the  time  of  their  tbrmation.  These  animals  and  vegetables  differ 
materially  in  their  characters,  according  to  the  position  of  the  beds 
in  which  they  are  found ;  and  as  these  changes  are  fi^quently  very 
decided  even  in  two  adjoining  strata  of  a  series,  the  comparative 
study  of  these  remains  evidently  places  in  the  hands  of  the  geolo- 
gist a  valuable  method  of  ascertaming  the  ages  of  rocks. 

Geologists  have  long  sought  to  explain  the  causes  which  have 
produced  the  immense  dislocations  ana  upliftings  above  described ; 
and  although  it  would  be  here  out  of  place  to  give  the  various 
theories  by  which  these  phenomena  have  from  time  to  time  been 
explained,  we  mav  nevertheless  briefly  advert  to  one  great  agent 
which  may  probably  have  acted  an  important  part  in  producing 
such  changes. 

Geodesy  teaches  us  that  the  world  we  inhabit  is  a  spheroidal 
figure  flattened  in  the  direction  of  the  axis  of  its  rotation.  This  is 
precisely  the  figure  that  a  liquid  globe  would  assume  if  made  to 
revolve  rapidly  on  its  axis.  From  this  and  other  circumstances, 
it  becomes  probable  that  the  earth  was  originally  in  a  state  of 
fusion,  and  that  under  the  influence  of  extreme  heat  its  present 
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form  was  assumed.  It  is  thus  erident  that  its  temperature  would, 
by  radiating  into  space,  become  progressively  less,  and  also  that 
this  cooling  would  proceed  more  rapidly  at  the  surface  than  towards 
the  centre.  If  this  supposition  be  correct,  the  temperature  of  the 
earth,  even  at  the  present  day,  should  be  greater  towards  its  centre 
than  at  the  surface ;  and  this  is  actually  found  by  experiment  to  be 
the  case. 

In  mines,  and  during  the  sinking  of  artesian  wells,  it  has  been 
constantly  observed  that  at  a  certain  distance  from  the  surface  a 
point  is  attained  at  which  the  variations  of  the  seasons  in  no  way 
affect  the  temperature,  but  that  beyond  that  point  it  regularly 
augments  as  the  depth  increases.  This  increase  is  found  to 
be  about  P  Paht.  for  every  55i  feet ;  and  consequently  at  a  depth 
of  200,000  feet,  a  temperature  of  3,600°  will  be  attained;  and  as 
this  is  not  T^th  part  of  the  length  of  the  earth's  radius,  we  may 
conclude  that  at  a  depth  less  tiian  ^th  of  its  diameter,  all  the 
matters  which  compose  its  crust  are  in  complete  fusion,  as  no  sub- 
stance with  which  we  are  acquainted  could  resist  so  elevated  a 
temperature. 

If  we  now  conceive  that  from  the  cooling  which  takes  place  at 
the  sui^e  a  contraction  of  the  solid  crust  is  produced,  it  becomes 
evident  that  the  central  liquid  mass  will  become  more  or  less  com- 
pressed, and  that,  from  bemg  unequally  restrained  in  its  various 
parts,  it  must  cause  a  rupture  at  the  point  of  least  resistance. 

These  eruptions  will  in  most  instances  have  dislocated  the  sedi- 
mentary deposits  which  may  have  been  formed  previous  to  the 
discharge  of  the  injected  matters ;  or,  if  this  shoula  not  have  taken 

Elace,  they  will  be  displaced  without  fracture,  and  produce  an  undu- 
ited  appearance  in  tne  stratification. 

From  phenomena  which  continually  occur  in  the  neighbourhood 
of  high  mountains,  it  is  evident  that  these  elevations  are  generally 
due  to  forces  thus  acting  from  the  centre  of  the  earth  towards  its 
circumference ;  and  from  the  nature  of  the  strata  traversed,  geolo- 
gists are  enabled  to  establish  with  great  precision  the  relative  ages 
of  the  different  mountain  ranges. 

From  long  series  of  investigations  of  this  nature,  we  learn  that 
several  successive  eruptions  of  great  magnitude  have  at  distant 
periods  occurred  on  the  &ce  of  the  globe,  giving  rise  to  the  different 
chains  of  mountains  which  extend  in  various  directions  over  its 
sur&ce ;  and  geologists  consequently  class  the  stratified  rocks  into 
certain  groups,  of  which  the  formations  are  supposed  to  be  sepa* 
rated  by  the  eruptions  which  have  produced  the  principal  mountain 
chains. 

The  rocks  which  oon^tute  the  exterior  cmat  of  the  earth  were 
at  first  divided  into  two  classes,  distinguished  by  the  names  of  prt- 
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mitive  and  secondary  fonnations.  By  the  former  term  were 
designated  all  the  cirstalline  rocks,  wliile  the  latter  was  col- 
lectively applied  to  the  sedimentur  deposits.  It  was  subse* 
auently  found  necessary  to  subdiTide  the  secondary  class  into 
aifferent  minor  groups,  and  for  this  purpose  the  terms  transition, 
secondary,  and  tertiary,  were  employed.  The  first  of  these  was 
applied  to  the  lower  stratified  rocks,  which,  although  distinctly 
sedimentary,  still  contain  crystalline  minerals  in  considerable 
abmidance.  The  name  of  tertiary  was  given  to  the  more  recent 
stratified  formations,  whilst  the  original  term,  secondary,  was 
applied  to  all  the  intermediate  rocks.  This  method  of  classi- 
fication was,  however,  found  to  cause  great  confusion  of  ideas,  as 
each  writer  fixed  the  limits  of  the  various  classes  in  accordance  with 
bis  own  particular  opinions ;  and  consequently  these  terms  are  fast 
disappearing  from  geological  works,  and  are  superseded  by  a  clas- 
sification based  on  the  relative  ages  of  the  several  deposits  as 
referred  to  the  period  of  elevation  of  some  particular  mountain  chain. 

OP  THE  PBIKCIPAL  KUTDB  OP  BOCKS. 

The  Primitive  Socks  are  chiefly  composed  of  mixtures  of  difierent 
crystallised  minerals,  of  which  the  principal  are  quartz,  feldspar, 
mica,  amphibole,  and  pyroxene. 

Quartz  is  merely  another  name  for  silicic  acid.  Peldspar  is  a 
mineral  composed  of  the  silicates  of  alumina  and  lithia,  potash  or 
soda.  Mica  is  formed  of  the  silicates  of  lime,  potash,  soda,  and 
oxide  of  iron,  Amphibole  and  pyroxene  are  both  silicates  of 
alumina,  lime,  and  protoxide  of  iron. 

eranlte,  which  constitutes  b^  far  the  largest  portion  of  the  primi- 
tive rock,  is  composed  of  a  mixture  of  feldspar,  quartz,  and  mica. 
The  relative  proportions  of  these  minerals  differ  in  the  various 
kinds  of  granite,  and  the  admixture  of  small  portions  of  the  oxides  of 
iron  or  manganese  frequentlv  causes  considerable  variation  of  colour. 
The  proportions  in  which  the  three  ingredients  combine  varies  in 
the  dififerent  species.  Such  as  contain  a  great  preponderance  of 
feldspar  are  frequently  described  as  porphyritie, 

TmrpMjTf  is  a  species  of  granite  in  which  the  quarts  and  mica 
are  entirely  wanting,  and  tnerefore  consists  of  a  mass  of  feldspar 
containing  crystals  of  the  same  substance. 

CSaelM  is  a  granite  in  which  all  the  scales  of  mica  are  laid  in  the 
same  direction,  giving  to  the  mass,  to  a  certain  degree,  the  appear^ 
anoe  of  being  stratified. 

Trachytes  are  the  products  of  volcanos  of  very  ancient  date,  and 
sometimes  appear  to  nave  flowed  in  the  form  of  lava,  and  at  others 
to  have  been  merely  thrown  up  in  a  pasty  state,  as  it  frequently, 
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on  coming  to  the  surface,  gives  rise  to  hills  possessing  rounded 
outlines.  The  trachytes,  like  the  j)orphyries,  are  composed  of  a 
feldspar  base^  and  frequently  contain  large  imbedded  crystals  of 
that  mineral. 

Basalts  are  the  eruptions  of  more  modem  vokanos  than  those 
giving  rise  to  the  trachytes.  They  are  composed  of  a  mixture  of 
pyroxene  (silicate  of  lime,  manganese^  and  iron)^  and  labradorite  (a 
kmd  of  feldspar,  containing  alumina,  Hme  and  soda).  It  frequently 
happens  that  when  this  substance  reaches  the  surface  after  forcing 
a  passage  through  the  various  sedimentary  formations,  it  spreads 
out  into  rounded  heads,  and,  if  the  conformation  of  the  country  be 
favourable,  horizontal  beds  of  considerable  extent  are  thus  ]9ro- 
duced.  ^e  texture  of  the  sedimentary  deposits  in  the  immediate 
proximity  of  the  fissures  through  which  these  basaltic  masses  have 
Deen  projected  is  always  considerably  changed ;  and  in  some  locali- 
ties where  beds  of  lignite  have  been  thus  traversed,  they  are  found 
to  be  converted  into  coke  by  the  intense  heat  evolved  during  the 
eruption. 

Basalts  generally  exhibit  a  tendency  to  form  immense  columns 
joined  together  by  thin  lateral  faces.  These  are  frequently  six- 
sided,  and,  from  their  great  regularity,  present  the  appearance  of  a 
gigantic  crystallisation,  althou^  they  are  in  reality  produced  by  the 
shrinking  occasioned  by  the  cooling  of  the  mass  aiter  being  thrown 
on  the  surface. 

Lavas  are  the  mineral  substances  rendered  liquid  by  heat  which 
flow  from  volcanos  of  the  present  epoch,  and  are  generally  found 
extended  in  the  form  of  thin  strata,  or  appear  aa  a  coating  on  the 
declivites  of  the  mountains  from  which  tney  have  been  ejected. 

The  name  of  schist  is  applied  to  minends  possessing  the  property 
of  being  easily  separated  into  thin  layers,  and  which  present  the 
foliated  appearance  observed  in  common  roofing  slate. 

The  term  sand  is  applied  to  small  disconnected  particles  of 
quartz. 

When  these  grains  are  united  by  a  siliceous  cement,  the  resulting 
rock  is  called  ffrit  or  sandstone.  This  is  sometimes  found  of  a 
white  colour,  but  is  more  frequently  stained  by  some  metallic 
oxides,  as  in  the  old  red  sandstone,  which  owes  its  colour  to  the 
presence  of  peroxide  of  iron. 

Calcareous  Rocks  are  composed  of  carbonate  of  lime,  and  are 
called  by  various  names  according  to  their  state  of  aggregation. 
In  marbles  and  Iceland  spar,  it  occurs  in  crystals :  in  lias 
limestone,  it  is  compact ;  and  in  chalk,  almost  pulverulent.  The 
colours  of  calcareous  rocks  are  even  more  various  than  their 
structures.  Iceland  spar  is  perfectly  transparent ;  pure  marble 
and  chalk  are  white,  whilst  other  varieties  of  thia  substance  possess 
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colours  differing  according  to  the  nature  of  the  organic  or  inorganic 
substances  br  which  they  are  stained. 

Clajrs. — ^The  different  kinds  of  clay  are  chiefly  composed  of 
silicate  of  alumina,  although  nearly  all  of  them  also  yield  traces  of 
silicate  of  potash:  they  occur  in  a  plastic  state,  and  are  min- 
dpalfy  remarkable  for  their  impermeability  by  water.  When 
claTB  contain  considerable  quantities  of  carbonate  of  lime,  they  are 
emeA  marls, 

Hy«rate«  and  Amtaydroiu  ftidplMl«  of  lilme  occurs  in  large 
quantities  in  the  secondary  formationB,  and  is  either  found  in  regu- 
lar beds,  or  in  isolated  lenticular  masses. 


A.  Upper  Tertiary. 

B.  Middle  Tertiary. 

C.  Lower  Tertiary. 


A.  CretaoeouB  Gboap. 


B.  Kariiie  eqniTalenie  of 


'% 


GEOLOGICAL  DIVISIOW  Or  THE  EAETH'S  OBUST, 

The  following  table,  extracted  from  the  Geological  Observer, 
by  Sir  H.  T.  De  la  Beche,  shows  the  relative  positions  of  the  several 
geological  formations  of  Western  Europe,  together  with  the  nature 
of  the  various  rocks  of  which  they  consist : — 

UPPER  STEATIPIED,  oe  POSSILIFEEOUS  E(X)KS. 

L  TERTIABT,  ob  CAINOZOIC. 

n.  SECONDARY,  ob  MESOZOIC. 

nL  PBTMABY,  ob  PALAEOZOIC. 

L  Tebtiaby,  ob  Cmkozoic. 

Mineral  aocumulAtioiiB  of  the  proBent  time^ 
FleiBtooene. 
Pleioeene^ 
.    a.  Miocene. 
.    a<  Eocene. 

II.  SBOOimABT,  OB  MbbOZOIO. 

'a.  Chalk  of  Maestricht  and  Denmark. 
h.  Ordinary  chalk,  with  and  without  flints. 
e.  Mersfham  beds,  or  upper  green  sand. 

d,  Gault. 

e.  Shanklin  sands,  vecten,  neocomian,  or  lower 
I         green  sand, 
^a.  Wealden  day.   \  Organic  remains  in  these  are 

Hastings  sands.  >     of  a  fluviatile,  lacustrine,  or 
e.  Purbeck  series.  3     estuary  character. 
a,  Portland  oolite  or  limestone, 
e.  Portland  sands. 
d,  Kimmeridge  clay. 
«.  Coral  rag  and  its  accompanying  grits. 
/.  Oxford  day,  with  Kelloway  s  rodt. 
g.  Combrash. 

A.  Forest  marble  and  Bath  oolite. 
•'.  Fuller's  earth,  clay,  and  limestone.       >^ 
ki  Inferior  oolite  ani  its  sands. 
/.  Lias,  upper  and  lower,  with  its  intermediate 
^       marlstone. 
H 
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€.  Jurassic, 
group. 


or    Oolitic 


D.  TriAs  group -lb,  Maschelkalk. 
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fa.  Yar^gated  marls,  Mames  Iriaees,  Keuper, 
'  '    Maschelkalk. 

Bed  sandstone,  Gres  Bigarr^,  Bunter  sandstein. 

in.  Fbihaby,  OB  Falsozoic. 

fa.  Zechstein,  dolomitic,  or  magnesian  limestone. 

A.  Permian  group. .    .    A  b.  Bothe  todte  liegende,  lower  new  red  conglome- 

[^        rate  and  sandstones,  gr^s  rouge. 

B.  Marine  equivalents  of.  [*'•  ^iJ^™**  *^"^  HouiDer,  Stein  Kohlen 

?  a.  Carboniferous  and  mountain  limestone  with  its 
G.  Carboniferous  lime-       }         coal,  sandstone,  and  shale  beds  in  some  dis- 
stone  group.  1         tricts.    Calcaire  carbonif^re,  Bergkalk. 

V.^.  Carboniferous  slates  and  jellow  sandstone. 
D.  DeYonian  group.    .    A^'  ^^?^  modifications  of  the  old  red  sandstone 

?a.  Upper:  Ludlow  rocks,  Wenlock  shale  and  lime- 
E   Silurian  n»uT)  5         stone,  Woolhope  limestone. 

gro  p.  .     .    .  J  ^   Middle :  Caradoc  sandstone  and  conglomerate. 
C  c»  Lower  :  Llandilo  and  Bala  beds, 
^a.  Barmouth  sandstones,  Penrhyn  slates,  Ac.   Va- 
rious rocks  subjacent  to  the  Silurian  series  in 
Wales  and  Ireland,  and  above  the  mica  and 
chlorite  slates,  quartz,  and  other  rocks  of  An- 
glesea  and  part  of  Caernarvonshire. 
Unknown:  probably  primitive. 


F.  Cambrian  group. 


OE  METiJiLIEEBOUS  DEPOSITS. 

Mineral  deposits  are  of  different  kinds,  and  have  received  dis- 
tinct names  according  to  their  various  natures. 

Mineral  Yelns. — The  surface  of  the  earth  is  in  many  localities 
traversed  by  ruts  or  fissures,  probably  produced  by  great  convul- 
sions of  nature  which  have  occured  in  remote  ages.  These  are 
sometimes  found  to  be  filled  by  the  trach3rtic  or  porphyritic  rocks, 
by  the  injection  of  which  the  fissures  were  first  formed,  whilst  in 
other  instances  they  contain  various  metals,  either  in  a  free  state, 
or  in  different  forms  of  combination.  In  the  former  case  these 
formations  are  termed  dykes,  but  when  they  contain  metallic  ores 
th^  are  called  mineral  veins. 

It  is  not,  however,  essential,  that  a  vein  should  contain  a  metal, 
as  whenever  a  fissure  has  been  fiUed  with  a  crystalline  deposit  which 
is  not  of  trappean  origin,  it  is  thus  denominated.  Mineral  veins 
are  chiefly  found  either  in  the  primitive  rocks,  or  in  the  transition 
deposits  in  their  immediate  vicinitv,  and  in  such  localities  the 
greater  number  of  our  most  productive  mines  are  situated. 

Mineral  veins  are  often  nearly  perpendicular  in  their  direc- 
tion, although  they  sometimes  possess  considerable  inclination. 
Generally  speaking,  a  vein  may  oe  regarded  as  a  plane,  of  which 
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the  extension,  in  length  and  depth,  is  unknown,  as  the  former  is 
nsually  hounded  hj  a  contracting  too  small  to  induce  the  miner  to 
follow  it,  and  the  latter  is  frequently  greater  than  that  of  the 
deepest  mines.  It  seldom  happens  that  an  isolated  vein  is  found 
in  any  particular  locality,  and  with  hut  few  exceptions,  where  one 
has  been  discovered,  others  may  safely  be  inferred  to  be  at  no  con- 
siderable distance. 

It  is  often  found  that  all  the  veins  of  the  same  locality  have  a 
nearly  similar  direction,  and  if  two  distinct  systems  of  lodes  should 
occur  in  the  same  neighbourhood,  those  running  in  one  direction, 
if  metalliferous,  yield  a  different  metal  from  those  which  do  not 
follow  the  same  course. 

In  mining  districts,  certain  technical  terms  are  employed  for  the 
purpose  of  expressing  the  different  circumstances  relating  to  mineral 
deposits ;  and  it  is  therefore  necessary,  before  entering  into  any 
details  on  this  subject,  to  explain  the  meaning  of  those  which  are 
of  most  frequent  occurrence.  In  the  first  place,  the  rock  in  which 
^  lode  is  found,  whatever  may  be  its  composition,  is  invariably 
called  the  country;  the  veins  containing  the  metallic  ores,  are 
Iode9  ;  and  those  which  are  not  productive  in  metal,  and  are  not  in 
the  usual  direction  of  the  lodes  of  the  district,  are  called  cross 
courses  ;  the  dip,  or  inclination  of  the  vein  towards  the  horizon,  ia 
its  hade^  slope,  or  underlie^  and  its  intersection  with  the  surface 
eonstitutes  what  is  called  its  run,  or  direction  :  strings  are  small 
filaments  into  which  the  vein  sometimes  splits,  and  of  these,  those 
which  are  very  small,  are  sometimes  callea  threads. 

The  two  sides  of  the  cavity,  which  contain  the  lode,  and  which 
consequently  regulate  its  thickness,  are  called  its  walls  ;  and  if  the 
vein  has  a  considerable  inclination,  its  upper  boundary  is  termed 
the  hanging  wall,  and  the  lower  the/oo^  wall. 

Besides  the  productive  lodes,  all  mining  districts  are  traversed 
bjr  others,  which  most  frequently  intersect  the  former  nearly  at 
nght  angles,  but  which,  in  the  majority  of  cases,  are  not  metcdlife- 
rons,  or,  if  they  should  contain  minerals,  they  are  seldom  of  the 
aame  kind  as  tnose  occurring  in  the  other  lodes.  The  principal 
substances  which  occur  in  these  cross-courses  are  quartz  and  clay ; 
the  quartz  being  mostly  crystalline. 

These  cross-courses  frequently  ^rodiuce  faults  or  slides  in  the 
orifi;inal  lodes,  which  materiaUy  impede  the  operations  of  the  miner, 
and  sometimes  cause  large  sums  of  money  to  be  unproductively 
expended.  This  is  occasioned  by  the  circumstance  that  when  two 
▼ems  cross  each  other,  the  older  of  the  two,  or  original  lode,  is 
almost  invariably  more  or  less  thrown  out  of  its  primitive  direction 
by  the  wtiking  or  uplifting  of  one  of  the  walls  of  the  more  recent  vein. 
If  the  side  of  the  cavity,  in  the  direction  followed  by  the  miner,  has 
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sunk,  the  accident  is  called  a  lieave ;  but  if  the  discrepancy  has  been 
caused  by  an  apparent  uplifting  motion,  the  original  lode  will 
seem  to  have  sunk,  and  the  fracture  is  called  a  ilide. 

The  nature  of  these 
dislocations    will    be 
better  understood  by 
\  ^\r^^jn>  reference  to  fig.  66, 

\  \j^^^\.  ^  which  a  movement 

^'      y  ,   \^    i'jT^         A,  is  represented  to  have 

\/0^/     %v>^  \  taken  place  in  the  di- 

//y/y/yZy        .^X!-    X  x  rection   indicated  by 

the  arrows. 

The  sliding  of  the 
superincumbent  mass 
on  the  plane  of  the 
*^'  cross-course,  a  b,  has 

caused  a  corresponding  descent  of  the  upper  portions  of  the  two 
veins,  c  d,  e/,iix  the  same  direction,  and  as  the  lower  parts,  &  <f , 
e'fj  still  retain  their  original  position,  the  spaces,  c'  d,  e' f,  must 
necessarily  occur  between  those  portions  of  the  lode  which  were 
in  perfect  coincidence  previous  to  the  rupture.  In  this  instance 
it  has  been  assumed  that  but  one  dislocation  has  taken  place,  and 
it  will  therefore  be  extremely  easy  for  the  miner,  after  he  has 
discovered  the  direction  of  the  heave,  to  find  the  other  portion  of  the 
lost  lode.  In  order  to  do  this,  he  will  merely  have  to  proceed 
along  the  course  of  the  fault  in  an  opposite  du'ection  to  that  of 
the  arrows,  by  which  means  he  is  sure  of  finding  the  portion  of 
the  lode  which  has  remained  in  its  original  position. 

It,  however,  not  unfrequently  happens  that,  instead  of  one  rupture, 
several  successive  dislocations  have  taken  place,  and  in  this  case 
the  working  of  the  lodes  in  the  neighbourhood  is  often  extremely 
troublesome,  as  when  the  vein  is  once  lost,  it  becomes  a  matter 
of  great  difficulty  to  find  its  continuation  beyond  the  several  faults 
by  which  it  has  oeen  divided. 

From  what  has  been  said  of  the  nature  of  these  accidents,  it  is 
evident  that  the  veins  dislocated  are  always  more  ancient  than 
those  by  which  their  continuity  has  been  interrupted,  and  conse- 
quently the  study  of  the  difierent  systems  of  faults  which  occur 
in  a  district  afibrds  the  geologist  a  sure  means  of  judging  of  the 
relative  ages  of  the  mineral  veins  which  it  may  contain. 

The  composition  of  mineral  deposits  also  appears  to  be  some- 
what affected  by  the  nature  of  the  rock  through  which  they  pass, 
as  certain  minerals  are  found  to  exist  in  la^e  quantity  in  the 
portion  of  a  lode  which  passes  through  one  kind  of  rock,  whilst 
in  another  of  a  different  composition  they  are  either  of  unfrequent 
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occurrence  or  entirely  absent.  As  a  ^neral  rule,  those  yeins 
are  foiihd  most  productive  which  are  situated  in  the  immediate 
neighbourhood  oi  the  junction  of  two  different  species  of  rock. 
In  Cornwall,  &om  whence  a  large  proportion  of  the  mineral  riches 
of  this  country  are  extracted,  all  the  most  productive  mines  are 
flituated  near  the  point  of  meeting  of  the  grauite  and  kiUaa,  or 
claj-sl&te. 

stratlllctf  Beds. — ^With  the  exception  of  the  ores  of  iron,  most 
of  the  metallic  minerab  are  almost  exclusively  raised  from  regular 
Teinsy  although  they  may  sometimes  occur  in  small  quantities, 
disaeminated  in  the  various  rocks  in  the  vicinity  of  the  lodes 
which  produce  them  in  larger  amounts.  The  ores  of  iron, 
like  other  minerab,  often  occur  in  regular  lodes,  but  are  chiefly 
deposited  either  in  distinct  strata,  as  in  the  case  of  the  black- 
hand  iron-stone  found  in  the  coal  districts,  and  which  is  often 
extracted  through  the  same  pits  as  the  coal  itself,  or  exists 
in  irr^ular  deposits  probably  produced  by  the  infiltration  of 
ferruginous  waters,  as  is  sometimes  remarked  in  localities  which 
jveM  the  different  varieties  of  oolitic  iron-ores.  These  irregular 
masaee  of  metalliferous  ore  are  also,  though  less  frequently,  found 
to  produce  other  metals, — such  as  tin,  bad,  or  copper ;  but  the 
occurrence  of  such  deposits  is,  in  the  case  of  these  minerals,  con- 
ndered  an  unfavourable  indication  of  the  ultimate  value  of  the 
district  for  mining  purposes. 

ADnrtei  Bcp^sita.— ^Besides  these  more  ancient  formations  of 
mineral  ores,  it  sometimes  happens  that  the  valleys  in  the  neigh- 
bourhood of  metalliferous  rocks  have,  in  the  course  of  a  long  series 
of  years,  become  partially  filled  up  by  sands  washed  from  the 
surrounding  mountains,  and  which  are  found  to  contain  a  portion 
of  the  metBillic  riches  of  the  hills  of  which  they  once  formed  a 
port.  In  some  districts  such  deposits  are  extremely  common,  and 
afford,  by  washing,  large  quantities  of  various  metals.  In  Cornwall 
most  of  the  valleys  in  the  tin  districts  yield  sands  containing  the 
peroxide  of  that  metal.  This  is  extracted  by  washing  in  a  stream 
of  water,  when  its  greater  density  causes  it  to  remain,  whilst  the 
bghter  impurities,  with  which  it  is  associated,  are  washed  awajr. 
In  the  island  of  Banca,  in  the  eastern  Archipelago,  large  quanti- 
ties of  tin  ore  are  thus  obtained,  and  the  extent  to  ^vmich  such 
operations  are  carried  on  may  be  imagined,  when  it  is  mentioned 
tbst  as  much  as  3500  tons  of  this  metal  have  been  annually  exported 
from  that  island.  The  stanniferous  gravels  of  Cornwall  are  seldom 
found  immediately  at  the  surface  of  the  ground,  but  are  generally 
covered  either  by  a  layer  of  other  gravel,  mixed  with  sand  and 
day,  or  by  a  certain  thickness  of  peat.  In  order  to  arrive  at  the 
tin-ground,  these  matters  are  first  removed,  and  the  productive 
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grayel,  which  in  most  instances  lies  immediately  on  the  surface  of 
the  primitive  rock,  is  then  collected  for  washing.  This  method  of 
obtaming  tin  is  distinguished  by  the  name  of  streaming,  and  the 
undertaking  itself  receives  the  name  of  a  stream-work.  The 
amount  of  tin  ore  annually  obtained  by  these  means  is  small  when 
compared  with  the  quantity  extracted  by  mining  from  original 
veins ;  but  the  ore  thus  produced  is  infinitely  more  pure,  and  con- 
sequently affords  a  purer  metal  than  ordmary  mme  tin.  The 
prmcipal  stream-works  of  Cornwall  are  situated  in  the  neighbour- 
hoods of  Bodmin  and  St.  Austell,  where,  in  connection  with  the 
mineral  deposits,  numerous  animal  and  vegetable  remains,  such  as 
deer-horns  and  hazel-nuts,  are  not  unfrequently  discovered. 

From  its  long  exposure  to  oxidising  influences,  the  ores  thus 
obtained  are  penectly  free  from  sulphur  and  arsenic,  and  for  this 
reason  are  exclusively  employed  in  the  preparation  of  the  finer 
varieties  of  grain  tin.  In  other  cases  gold  m  the  virgin  state  is 
distributed  in  small  grains  in  these  sands,  and  this  is,  in  fact,  one 
of  the  chief  sources  of  that  metal. 

The  sifting  and  washing  of  such  sands  furnishes  to  Bussia 
nearly  ad  the  gold  produced  in  that  empire,  which  annually 
amounts  to  about  fifteen  thousand  pounds  weight.  Bussia  also 
obtains  by  the  same  means  an  annual  supply  of  nearly  five  thousand 
pounds  weight  of  platinum,  which  is  almost  entirely  extracted 
from  the  streams  flowing  from  the  Altai  mountains,  which  separate 
Siberia  from  Tartary. 
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Prsliminasy  Opeeatioits. — ^The  mineral  riches  of  a  country  are 
frequently  discoveredby  attentively  observing  the  fragments  brought 
down  by  the  action  of  water  frt)m  the  hills  into  its  valleys, ;  and 
on  tracing  these  to  their  several  sources,  the  veins  from  which 
they  were  originally  detached,  are  in  many  instances  found. 
Water  also  acts  in  another  way  a  very  important  part  in  the  dis- 
covery of  mineral  veins,  as  by  closely  examining  the  faces  of  the 
different  gullies  and  ravines,  which  intersect  a  country,  a 
ready  means  is  afforded  of  ascertaining  whether  its  strata  are 
traversed  by  metalliferous  deposits ;  ana,  therefore,  in  exploring 
with  a  view  to  its  mineral  productions,  no  opportunity  should  be 
lost  of  observing  the  various  sections  thus  naturally  laid  bare. 

If  tlie  substance  of  a  mineral  vein  be  harder  than  the  rock  in 
which  it  occurs,  the  latter  is  sometimes,  by  the  alternate  action  of 
air  and  water,  to  a  certain  extent,  gradually  removed,  whilst  the 
lode  itself  remains  as  a  sort  of  natui^  hedge  across  the  country. 

A  remarkable  example  of  this  kind  occurs  at  Mouzias,  in 
Algeria,  where  several  lodes,  principally  composed  of  spathose 
iron  and  sulphate  of  baryta,  containing  a  small  portion  of  dissemi- 
nated grey  copper,  traverse  a  soft  marly  soil,  which  offers  but  little 
resistance  to  the  action  of  water.  The  rains,  therefore,  which  are 
frequently  very  heavy  in  the  country,  have  gradually  washed  away 
the  softer  clay,  and  left  the  outcrop  of  the  lodes  standing 
at  a  considerable  height  above  its  suruce.  In  some  places  these 
ridges  are  fr^m  fifteen  to  twenty  feet  in  height,  and  may  be  traced 
for  a  considerable  distance  across  the  countiy,  intersectmg  in  their 
progress  all  the  different  formations  of  which  it  is  composed. 

When  none  of  the  above  means  of  observation  are  available,  it 
18  necessary  to  examine  the  nature  of  a  district  through  the 
medium  of  artificial  excavations.  This  is  done  by  what  is— -by  the 
Cornish  miners,  called  ahoading  or  eosteaning.  when  the  general 
direction  of  the  lodes  of  the  neighbourhood  has  been  ascertained 
fi!om  facts  elicited  during  the  working  of  other  mines  in  the  district, 
a  series  of  pits  is  sunk,  as  nearly  at  right  angles  as  possible  to  the 
assumed  run  of  the  mineral  veins.  These  shode  pits  are  about 
three  &et  in  width,  six  in  length,  and  extend  in  depth  through  the 
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alluvial  deposits,  a  few  feet  into  the  subjacent  rock.  In  order  to 
avoid  the  chance  of  missing  any  lode  which  may  occur  in  the 
superficies  to  be  examined,  the  pits  are  sunk  at  regular  dis- 
tances, and  afterwards  united  by  galleries,  which  would  necessarily 
traverse  any  vein  which  might  escape  detection  by  the  shode  pits 
themselves. 

If  the  direction  of  the  lodes  in  the  neighbourhood  is  not  known, 
or  if  it  be  uncertain  whether  the  country  be  traversed  by  mineral 
deposits,  it  is  necessary  to  arrange  two  series  of  pits  at  right  angles 
to  each  other,  by  which  means,  u  any  occur,  they  cannot  fail  to  be 
detected. 

When  a  lode  has  been  discovered,  and  is  found  to  yield  a  metal, 
or  presents  appearances  from  which  it  may  be  inferred  likely  to 
prove  productive  at  a  greater  depth,  the  first  operation,  if  the  con- 
formation of  the  locality  admits  of  it,  is  umiculy  to  drive  an  adit 
level. 

This  is  a  gallery  cut  a  little  above  the  surface  of  the  nearest 
valley,  in  such  a  way  as  to  intersect  the  lode  at  a  certain  distance 
from  the  surface,  and  draw  the  water  from  the  higher  portion  of 

the  vein  as  shown  in 
fig,  67,  where  the  lode 
a,  b,  is  traversed  by  the 
adit  level  c,  d.  Should 
the  appearances  of  the 
vein  prove  favourable,  a 
pit  or  shaft  e,/,  is  sunk 
in  such  a  position,  that 
it  may  intersect  the  lode 
at  a  proper  distance  from 
the  surface,  and  serve  as 
a  means,  not  only  of  ex- 
tracting its  mineralB,  but 
also  of  ascent  and  descent 
to  the  miners  employed. 
For  this  purpose,  a  wind- 
lass or  tackle  is  mounted  on  the  shaft,  and  is  placed  on  a  strong 
stage  of  wood,  and  by  the  aid  of  this  and  a  long  rope,  two  buckets 
or  kibbles  are  made  to  alternately  ascend  and  descend  in  the  pit. 

Should  the  lode,  after  proper  examination,  be  found  to  be  pro- 
ductive of  ore,  other  shafts  are  sunk,  and  a  regular  series  of 
levels  driven.  In  the  first  place,  galleries  will  be  excavated  in  the 
substances  of  the  vein  itselTfor  the  purpose  of  extracting  its  con- 
tents :  these  are,  in  the  Cornish  mines,  placed  at  distances  of  ten 
&thoms  from  each  other,  and  are  all  connected  with  a  shaft  through 
which  the  excavated  rock  and  metallic  ores  are  transported  to  the 
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flurfieioe.  Since  a  perpendicular  shaft  can  only  trayerse  the  lode, 
which  is  a  diagon^  plane  in  one  point,  it  becomes  necessity  that 
each  of  these  levels  should  be  connected  with  it  by  galleries  per- 
pendicular to  the  plane  of  the  general  run  of  the  lode.  These  are 
called  cross  cuts,  and  are  usuaJlj  furnished  with  railways  for  the 
more  ready  conyejance  of  the  contents  of  the  yein  to  the  pit,  by 
which  they  are  drawn  to  the  surface. 

When,  for  the  more  conyenient  working  of  the  mine,  or  for  the 
puipoee  of  yentilation,  a  pit  is  sunk  from  one  leyel  to  another, 
without  being  opened  to  the  surface,  it  is  by  the  miners  called  a 
winze^  and  is,  in  most  cases,  made  to  follow  the  underlie  or  dip  of 
the  lode  in  which  it  is  situated. 

The  water  which  percolates  into  the  mine  below  the  point  at 
which  the  adit-level  meets  the  shaft,  is  drawn  out  by  a  series  of 
pumps  worked  either  by  water  power  or  a  steam-engine.  For  a 
short  time  after  a  shaft  has  been  commenced,  and  before  it  has 
attained  any  considerable  depth,  the  rubbish  removed  is  conveyed 
to  the  sur&ce  by  a  simple  windlass  moved  by  manual  labour. 
When  the  pit  has  reached  a  more  considerable  depth,  a  contrivance, 
called  a  whim  or  ^tn,  moved  by  horses,  is  commonly  employed, 
although  steam  power  is  daily  becoming  of  more  frequent  appuca* 
tion.  In  case  oi  steam  being  used,  the  drum  of  the  winding  appa- 
ratus is  sometimes  placed  horizontally  instead  of  vertically,  as  in 
the  common  horse  whim,  and  flat  ropes  and  bobbins  are  often 
employed  in  the  place  of  the  round  ropes  and  cage  used  in  the 
former  cajse.  These  are  found  to  be  more  durable  and  uniform  in 
their  action. 

Methods  of  anaeklns  the  Roek« — ^The  tools  employed  by  the 
miner  necessarily  vary  according  to  the  nature  of  the  rocks  which 
he  has  to  traverse.  If  the  groimd  be  moderately  soft,  nothing  but 
an  ordinary  pick  and  shovel  is  used ;  but  if  it  is  hard,  and  is  either 
fltntified,  or  contains  nimierous  fissures,  he  has  recourse  to  steel 
wedffes  or  points,  called  gads,  by  driving  which  into  the  crevices 
of  the  rocK,  he  is  enabled  to  split  off  larger  portions  than  he 
would  be  enabled  to  detach  by  the  use  of  the  pick  alone.  When 
the  ground  to  be  cut  through  does  not  admit  of  being  thus  broken, 
the  working  is  effected  by  the  assistance  of  gunpowder. 

Before  t&s  agent  can  oe  emploj^ed  it  is  necessary  to  bore  a  hole 
in  the  rock  for  its  reception.  This  is  done  by  a  bar  of  iron  frimished 
at  one  of  its  extremities  with  a  steel  point  armed  with  cutting  edges. 
To  use  this  instrument,  one  of  the  mmers  holds  the  sharpened  end  of 
the  barer  to  the  rock,  whilst  another  hits  the  other  extremity  a  heavy 
blow  with  a  large  hammer  or  mallet.  As  the  hole  deepens,  the 
person  who  holds  the  tool  turns  it  between  each  blow  about  a 
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fourth  of  a  revolution,  and  hj  this  means  a  deep  hole  is  ultimately 
obtained.  The  borer  is,  during  the  operation,  from  time  to  time 
removed  from  the  hole  in  order  to  take  away  the  broken  rock,  and 
a  little  water  is  added  for  the  double  purnose  of  cooling  the  borer 
and  facilitating  its  action.  When  the  hole  has  attained  what  is 
thought  to  be  a  sufficient  depth,  and  which  necessarily  varies  with 
the  nature  of  the  rock,  it  is  carefully  cleaned  out  with  what  is 
called  a  wipe  sticky  and  a  proper  quantity  of  gunpowder  de- 
posited at  the  bottom.  For  the  purpose  of  confining  this,  and 
thereby  giving  greater  force  to  the  explosion,  the  hole  is  now 
filled  up  by  ramming  in  a  quantity  of  sorb  schist  called  tamping^  a 
small  hole  being  left  by  the  introduction  of  a  copper  needle,  which  , 
is  afterwards  removed,  to  afford  means  of  exploding  the  charge 
when  required.  The  ancient  method  of  doing  this  was  by  a  reed 
or  rush  filled  with  fine  powder,  which  was  let  down  into  the  hole 
and  served  as  a  channel  for  the  spark  to  be  afterwards  communi- 
cated by  a  slow  match,  during  the  burning  of  which  the  miner  had 
time  to  escape  out  of  reach  of  the  fragments  of  rock  projected  by 
the  explosion.  Becently,  the  rush  has  become  superseded  by  the 
use  of  "  Bickford's  Patent  Safety  Fuse,"  which  itself  not  only  acts 
as  a  slow  match,  but  has  also  the  advantage  both  of  being  safer  and 
more  readily  employed,  as  with  it  the  copper  needle  is  no  longer 
necessary,  the  fuse  being  placed  in  the  hole  oefore  it  is  closed,  and 
the  tamping  forced  in  around  it. 

When  the  rock  in  which  the  hole  is  bored  is  damp  from  the  infil- 
tration of  water,  the  powder  is  enclosed  in  a  waterproof  bag  before 
being  introduced  into  the  cavity  made. 

Biinins  Excavationft.— When  a  shaft  is  sunk,  or  a  gallery  exca- 
vated in  hard  rock,  there  will  be  but  little  difficulty  in  causing  it 
to  retain  its  original  form,  but  should  the  ground  be  soft,  and  con- 
sequently offer ;  but  little  resistance  to  pressure,  artificial  means 
must  be  employed  for  its  support.  This  is  most  frequently  effected 
by  pieces  of  wood,  although,  in  some  instances,  walls  of  brick  or 
stone  are  employed  for  that  purpose.  Similar  means  are  employed 
for  the  support  of  the  various  galleries  or  levels,  and  some  of  the 
different  methods  by  which  this  is  done  may  be  understood  frt)m 
the  following  woodcuts.  Fig.  68  represents  the  timbering  of  a 
gallery,  all  the  sides  of  which  are  supposed  to  require  support.  In 
fig.  69,  the  floor  being  hard,  is  not  timbered,  whilst  the  other  three 
sides  are  retained  by  strong  woodwork.  Fiff.  70  represents  the 
method  of  securing  a  gallery,  of  which  two  sides  only  require  sup- 
port ;  and  fi^.  71  shows  the  way  in  which  a  level  with  an  insecure 
roof  is  sustamed.  When  stone  is  employed  for  this  purpose  in 
the  place  of  wood,  the  roof  is  commonly  arched,  but  should  the 
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floor  also  require  support,  an  elliptical  form  is,  in  most  instances, 
preferred. 


70. 


KxtracMon  of  Mineral  eret. — ^The  ores  existing  in  a  vein  are, 
to  a  certain  extent,  extracted  in  cutting  the  longitudinal  galleries 
or  levels  excayated  in  its  plane,  but  as  these  are  placed  at 
considerable  distances  from  each  other,  the  ore  thus  raised 
forms  but  a  very  inconsiderable  part  of  the  contents  of  the 
lode.  In  order,  therefore,  to  obtion  the  minerals  between  the 
different  leyels,  the  ore  is  worked  out,  and  the  space  after- 
wards filled  in  with  rubbish  arising  from  the  other  operations 
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of  the  mine,  fig.  72.    When  this  is  done  by  descending  from  a 
higher  level  to  a  lower,  the  operation  is  called  sloping,  but  if 

the  excavation  commences  at  a  lower 
level,  and  is  to  terminate  at  a  higher, 
the  opening  is  called  a  rise. 

The  following  woodcut  of  Huel 
Crofty  Copper  Mine  in  Cornwall, 
fig.  73,  will  serve  to  give  a  general 
icfea  of  mining  operations.  The  per- 
pendicular excavations  show  the 
difierent  shafts  and  winzes ;  and  the 
portions  shadedblack represent  those 
parts  of  the  lode  which  have  been 
entirely  removed.  In  this  mine,  as 
in  the  generality  of  those  worked  in 
Cornwall,  the  levels  are  excavated  at 
distances  of  ten  fathoms  from  each  other,  as  by  this  arrangement 
the  ventilation  of  the  workings  is  not  only  well  maintained,  but 
every  facility  at  the  same  time  afforded  for  the  removal  of  the  ore, 
and  its  subsequent  transmission  through  the  perpendicular  shafts 
to  the  dressing-floors. 
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73. 


Bfeebanlcal  Preparatton. — On  reaching  the  surfS^^e,  the  ores  are 
broken  by  large  hammers,  and  divided  into  classes  according  to  their 
relative  richness  in  metal,  whilst  the  unproductive  portions  are  picked 
out  and  rejected.  Few  ores  contain  so  large  an  amount  of  metal  as 
to  render  their  concentration  by  mechaiii(»ftl  means  unnecessary. 
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Cnuidiis. — In  order  to  reduce  the  fragments  of  mineral 
ores,  and  particularly  those  of  copper,  to  the  proper  size,  for  their 
subsequent  mechanical  concentration,  large  cylinders  of  cast  iron, 
moving  in  contrary  directions,  are  frequently  employed.  This 
arrangement  is  represented  in  fig.  74,  in  which  a.  b,  are  the  crush- 
mg  rollers  set  in  motion  by  stein  or  water  power :  a,  b,  d,  c,  re- 


present a  strong  framing  of  cast  iron  firmly  secured 
to  a  wooden  frame-work  by  screw  bolts,  the  bear- 
ings K.  L.  of  the  rollers  a.  b.  are  so  arranged  as  to  slide 
in  grooves,  and  consequently  admit  of  the  cylinders  being  either  ad- 
vanced closer  together,  or  separated  at  a  greater  distance.  To  prevent 
accidents  from  the  passage  of  large  pieces  of  stone  too  hard  to  be 
broken,  a  certain  elasticity  is  given  to  the  apparatus  by  means  of 
the  lever  s,  which  by  a  shding  bar,  and  the  shoulder  «,  constantly 
tends  to  keep  the  suifaces  of  the  two  grinding  cylinders  in  con- 
tact, since  its  other  extremity  is  loaded  with  a  heavy  weight  w. 
The  ore  to  be  crushed  is  allowed  to  fall  gradually  between  the  two 
rollers,  through  a  hopper,  and  the  weight,  w,  so  adjusted  as  to  suit 
the  hardness  of  the  mineral  to  be  broken.  On  passing  through 
the  rollers,  the  crashed  ores  fall  into  the  higher  extremity  of  an 
inclined  cylinder  of  coarse  wire  gauze.  This  being  set  in  motion 
by  the  same  power  as  the  rollers  themselves,  divides  the  pulverised 
mineral  into  two  classes,  the  one  passing  through  the  meshes  of  the 
trellis,  and  falling  on  the  floor,  whilst  the  other,  which  is  too  large 
to  pass  through  the  apertures,  is  carried  out  at  the  lower  end  of 
the  cylinder,  where  it  falls  into  the  buckets  of  an  endless  chain,  by 
which  it  is  again  brought  to  the  level  of  the  mill  to  be  re-crushed. 
Stamplns. — Many  minerals,  and  especially  the  ores  of  tin, 
instead  of  being  crushed  by  rollers  as  above  described,  are  pounded 
into  small  fra^ents  by  large  pestles,  moved  either  by  water  or 
steam  power.  The  arrangement  by  which  this  is  effec^ted  is  called 
a  stamping-mill,  and  is  represented  in  fig.  75,  where  a  steam- 
engine  gives  motion  to  an  axle  not  seen  in  the  drawiag,  which  is 
providea  with  a  series  of  cams  arranged  in  spirals  around  its  cir- 
cumference.     Vertical  wooden  beams  are  so  attacbed/to^L 
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masses  of  cast  iron,  that  when  raised  by  cams  fitted  in  the  axle 
and  corresponding  tongues  on  the  lifters,  they  fall  on  the  mineral 

g laced  beneath  them,  and  thus  by  repeated  blows  reduce  it  to  a 
ne  powder.     The  cams  are  so  arranged  on  the  spiral,  that  each 
lifter  shall  give  three  blows  during  each  revolution,  and  as  soon  as 


the  first  lifter  has  been  released  from  the  cam,  and  begins  to  fall^ 
the  second  cam  in  the  series  comes  in  contact  with  the  tongue  of 
the  next  lifter,  and  so  on  until  each  has  in  succession  struck  a 
blow,  when  the  first  lifter  is  again  caught  by  the  first  cam  belong- 
ing to  the  second  system  on  the  axle,  when  another  series  of  blows 
is  dealt  by  the  moveable  pestles.  The  lower  portion  of  this  ar- 
rangement, where  the  iron  neads  come  in  contact  with  the  mineral 
to  be  broken,  is  enclosed  in  a  large  wooden  trough  shown  in  the 
wood-cut,  in  which  are  openings,  and  into  these  are  fitted  gratings 
made  by  punching  smidl  holes  in  sheets  of  very  thin  iron.  By 
means  of  a  spout,  a  small  stream  of  water  is  allowed  to  flow  con- 
stantly into  the  trough,  and  therefore,  whenever  fragments  are 
reduced  sufficiently  to  enable  them  to  pass  through  the  apertures 
of  the  gratings,  they  are  carried  off  by  the  water  into  the  pit, 
in  the  foreground,  prepared  for  their  reception,  and  where  they 
are  deposited  by  subsiaence  in  a  more  or  less  finely  divided  state. 
The  size  of  the  stamp  heads,  or  pestles,  yaries  inacpordance  with 
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the  nature  of  the  mineral  to  be  broken,  but  their  general  weight  is 
from  300  to  400  pounds.  In  order  to  attach  the  heads  to  the 
lifters,  thej  are  provided  with  a  wrought  iron  shank,  which,  after 
being  let  into  the  end  of  the  lifber,  is  kept  in  its  place  by  shrinking 
on  two  strong  iron  bands  over  the  wood.  In  some  of  the  more 
modem  stamping  mills,  both  the  axles  and  lifters  are  of  iron, 
and  in  this  case  the  up{)er  ends  of  the  lifters  are  kept  in  their 
places  bv  iron  collars,  whilst  the  lower  are  fixed  by  keys  into  a 
mortice  hole  cast  in  the  head. 

Washing  and  €oneeiitnitioii  of  •res. — Before  describing  the 
varioTis  processes  by  which  this  is  effected,  it  will  be  necessary 
to  understand  the  principles  upon  which  all  these  operations  are 
based.  If  we  let  fall  m)m  a  considerable  height  mto  a  liquid 
in  a  state  of  repose,  bodies  of  various  sizes,  forms,  and  densities, 
it  is  evident  that  the  amounts  of  resistance  which  they  will  ex- 
perience in  their  fall  will  be  very  imequal,  and  that  they  will  con- 
sequently not  arrive  at  the  bottom  of  the  liquid  at  the  same 
time.  This  necessarily  produces  a  sort  of  ch^sification  of  the 
fragments,  which  becomes  very  evident  on  examining  the  order 
in  which  they  are  deposited. 

In  the  first  instance,  let  us  suppose  that  the  substances  have  the 
same  form  and  dimensions,  and  that  they  differ  from  each  other  in 
their  densities  only, — since  the  resistance  which  a  body  will  ex- 
perience in  moving  through  a  liquid  medium  depends  entirely  on 
its  form,  and  the  extent  of  its  surfaces,  and  is  in  no  way  affected 
by  its  specific  gravity :  it  follows  that  all  substances  will  lose  under 
similar  circumstances  an  equal  amount  of  their  moving  force. 

This  loss  IB,  however,  most  sensible  in  those  substances  which 
possess  this  power  of  movement  in  a  less  degree ;  or,  in  other  words, 
it  will  be  proportionally  greater  in  light  bodies  than  in  those 
having  a  more  considerable  density.  The  former,  for  this 
reason,  fall  through  the  liquid  with  less  rapidity  than  the  denser 
fragments,  and  must  consequently  arrive  hat  at  the  bottom ;  so 
that  the  deposit  wiU  be  composed  of  different  strata,  arranged  m 
direct  relation  to  their  various  densities,  the  heaviest  being  at  the 
bottom,  and  the  lightest  at  the  top  of  the  series. 

If  we  suppose,  on  the  contrary,  that  all  the  bodies  which  fall 
through  the  liquid  possess  similar  forms  and  equal  specific  gravities, 
and  that  they  only  differ  from  each  other  in  point  of  volume,  it  is 
evident  that  the  rapidity  of  motion  will  be  m  proportion  to  their 
size,  and  the  larger  fragments  will  be  deposited  at  the  bottom  of 
the  vessel. 

As  we  have  supposed  them,  on  starting,  to  have  both  the  same 
form  and  density,  it  follows  that  the  resistance  they  experience 
during  their  descent  through  the  water,  wiU  be  in  proportion  to  the 
sui&oe  exposed ;  and  as  the  volumes  of  bodies  vary  according  to, 
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the  cube  of  their  corresponding  dimensions,  whilst  the  surfaces 
only  yaiy  in  accordance  with  the  square  of  the  same  measurements^ 
it  follows  that  the  force  of  morement  animating  them  is  regulated 
by  their  cubes,  d*,  whilst  their  resistance  is  in  proportion  to  their 
squares,  J',  showing  that  the  size  of  a  body  augments  its  descend- 
ing force  with  much  greater  rapidity  than  the  resistance  offered  by 
its  siirfiMses. 

If,  lastly,  we  imagine  that  all  the  fragments  hare  the  same 
volume  and  density,  out  are  of  yarious  forms,  it  foUows  that  those 
which  possess  the  largest  amount  of  surfS&ce  will  arrive  at  the 
bottom  last,  and  consequently  the  upper  part  of  the  deposit  will 
consist  of  the  thinnest  migments. 

It  is  evidently,  then,  of  the  greatest  importance  that  the 
grains  of  ore  which  are  to  be  concentrated  by  washing  should  be 
as  nearly  as  possible  of  the  same  size,  as  otherwise  the  smaller 
surface  of  one  fragment  in  proportion  to  its  weight,  will  in  a 
measure  compensate  for  the  greater  density  of  another  grain,  and 
thus  cause  it  to  assume  a  position  in  the  series  to  which  by  its 
constitution  it  is  not  entitled. 

This  difficulty  is  constantly  found  to  occur  in  practice,  and  in 
order  to  obviate  it  as  much  as  possible,  care  is  taken  to  separate 
by  the  use  of  sieves,  into  distmct  parcels,  the  fragments  which 
have  nearly  the  same  size.  Although,  however,  the  grains  of  ore 
may  in  this  way  be  to  a  certain  extent  classified  according  to  their 
respective  dimensions,  it  is  impossible  by  any  mechanical  contrivance 
to  regulate  their  forms,  which  must  in  a  great  degree  depend  on 
the  natural  cleavages  of  the  substances  operated  on,  and  tnerefore 
this  circumstance  must  always  in  some  degree  affect  the  results 
obtained. 

Each  of  the  broken  fragments  of  ore  must  necessarily  belong  to 
one  of  the  three  following;  classes : — The  first  class  consists  of  those 
which  are  composed  of  the  mineral  sought,  without  any  admixture 
of  earthy  matter.  The  second  will  comprehend  all  the  fragments 
which  are  made  up  of  a  mixture  of  mineral  ore  and  earthy  matters ; 
whilst  the  third  division  may  be  entirely  composed  of  earthy 
gangue  without  any  admixture  of  the  metallic  ore.  By  a  successful 
washing,  these  three  classes  should  be  entirely  separated  from  each 
other.  The  first  will  form  the  lower  stratum,  and  the  mixed 
fragments  follow  next  in  succession,  whilst  the  unproductive 
portion  is  deposited  on  the  two  other  layers. 

Sieve-waahins  or  Jiffvliiff. — The  fragments  of  ore  which  have 
passed  through  the  crushing-rollers,  be&re  described,  are  concen- 
trated by  being  jigfi^ed  or  washed  in  sieves  so  a«  to  allow  each 
of  the  reduced  particles  to  arrange  itself  in  accordance  with  its  in- 
dividual specific  gravity. 

Haad  Sieves. — The  most  ancient  and  simple  method  of  effecting 
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this  ia  by  tlie  hand  sieve.    This  consists  of  a  sieve  made  of  per- 
forated sheet  copper,  which,  after  being  partially  filled  by  the  work- 
man with  the  mineral  to  be  washed,  is  placed  in  a  large  tub  of 
water,  where  he  gives  to  it  a  sort  of  undulatoiy  motion,  which 
causes  the  richer  portions  to  accumulate  at  the  bottom,  and  the 
earthy  grains  to  rise  on  the  surfisice.    After  a  time  he  withdraws 
the  sieve  firom  the  water,  and  whilst  it  is  resting  on  the  edge  of  the 
tub,  scrapes  off  with  a  piece  of  thin  iron,  the  particles  thrown  on 
the  top.     This  is  followed  by  a  second  washing  and  scraping", 
and  when  the  whole  of  the  absolutely  worthless  matter  is  removed, 
those  portions  which  are  scraped  worn  ike  surface  are,  instead  of 
being  thrown  away,  collected  in  a  heap  for  subsequent  treatment^ 
whikb  that  which  is  at  the  bottom  is  considered  sufficiently  pure 
for  metallurgical  treatment. 

On  the  Continent,  these  sieves  have  been  almost  entirely  super- 
seded by  the  simple  contrivance  shown  in  fig.  76,  in  whicn  c 
represents  the  table  on  which  the  mineral  to  be  washed  is  placed. 

A  is  a  large  tub  of 
water  in  which  the 
sieve  £  is  suspended 
by  the  iron  rod  n,  set 
in  motion  by  means  of 
the  arran£;ement  i,  f, 
G,  suspended  at  H,  and 
having  at  the  extre- 
mity G,a  box  for  the  re- 
ception of  small  stones 
to  be  used  for  the  pur- 
pose of  counterpoising 
the  weight  of  the 
sieve  and  several  fit- 
tings. By  moving  the 
rod  I  sliding  in  b,  the 
workman  gives  the  re- 
quired motion  to  the 
sieve,  and  when  its  con- 
tents have  been  suffi- 
ciently washed,  he  re- 
moves them  by  the 
same  means  as  when 
the  hand  sieve  is  em- 
ployed. 
A  nearly  similar  method  was  formerly  employed  in  the  Cornish 
mines  for  washing  and  classifying  the  crushed  ores  of  copper,  but 
recently  a  much  more  effective  apparatus  has  come  into  general 
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use.  This  consists  of  a  large  box  covered  with  a  tight  wooden 
floor,  in  the  centre  of  which  is  a  circular  metallic  trough  perfo- 
rated with  six  holes,  each  about  two  feet  in  diameter,  and  into  aU 
these  openings  a  sieve  is  closely  fitted.  A  large  piston  working  in 
a  cylinder  placed  in  the  centre  of  this  arrangement,  and  which  is 
moved  by  an  eccentric  driven  either  by  water  or  steam  power,  is 
made  to  alternately  raise  and  depress  the  level  of  the  water  in  the 
box  and  consequently  also  in  the  sieves,  which  are  fixed  water- 
tight into  the  nngs  on  the  top  of  it.  By  this  motion  of  the  water, 
the  particles  of  mineral  contained  in  the  sieves  are  made  to  arrange 
themselves  according  to  their  several  densities,  and  when  it  becomes 
necessary  to  remove  a  sieve  from  its  place,  for  the  purpose  of 
scraping  off  the  less  valuable  and  lighter  portion  of  its  contents, 
its  place  is  supplied  by  another,  which  is  kept  ready  filled  to  occupy 
the  same  ring  when  required. 

Of  the  portions  which  are  scraped  off  from  the  surface  of  the 
sieve,  the  lightest  contains  little  or  no  metallic  ore,  and  is  thrown 
away;  but  the  second,  consiBting  of  a  mixture  of  gangue  and 
metalliferous  substances,  together  with  the  finely  di^dded  dust  which 
passes  through  the  holes  of  the  sieves,  is  sent  to  the  stamping  mill, 
where  it  is  reduced  to  the  state  of  a  much  finer  powder,  py  which 
treatment  greater  facilities  are  offered  for  its  separation  from 
earthy  impurities.  When  the  ores  are  not  stamped  dry,  the  water 
and  work  (fine  sand)  escaping  through  the  gratings  of  the  machine 
are  conducted  into  a  sort  of  reservoir  where  the  heavier  particles 
are  first  deposited,  and  the  poor  and  consequently  lighter  parts 
are  removea  to  a  greater  dustance.  By  this  process  a  certain 
classification  of  the  work  is  effected,  as  tnose  portions  which  have 
been  carried  by  the  force  of  the  water  beyond  a  given  point  are 
collected  in  a  separate  basin  from  those  which  have  not  arrived  so 
fiir  from  the  stamping  mill. 

The  methods  of  washing  and  preparing  metalliferous  sands 
varies  according  to  the  nature  of  the  minerals  treated,  and  also 
depend  in  some  measure  on  the  localities  in  which  they  are  raised, 
as  the  same  ores  are  frequently  managed  very  differently,  and  yet 
each  method  may  afford  equally  good  results.  It  is,  however, 
necessary  to  observe,  that  many  minerals,  and  particularly  the 
ores  of  tin,  are  found  so  disseminated  in  the  veins  in  which  they 
occur,  that  it  is  necessary  to  reduce  them  at  once  under  the  stamp- 
ing mill,  since,  if  the  crushing  rollers  were  resorted  to  as  in  the 
case  of  the  copper  ores,  it  would  be  impossible  to  free  them 
sufficiently,  by  that  means,  from  the  siliceous  and  other  impurities 
with  whicn  thev  are  so  constantly  contaminated. 

The  form  oi  apparatus  employed  for  washing  the  reduced  ores 
form  the  stamping  mill  depends  in  a  great  measure  on  the  nature 
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of  the  mineral  treated,  and  also  varies  according  to  the  locality  in 
which  the  mine  happens  to  be  situated.  On  the  continent,  the 
concentration  is  chiefly  effected  in  three  different  kinds  of  appa- 
ratus,—  the  German  chest,  ''caisse  ^  tombeau:*'  the  sleeping 
table,  "table  dormante,"  and  the  percussion  table,  or  "table  a 
secousse." 

The  Ctemum  Chest  consists  of  a  long  box  placed  in  a  slightly 
inclined  position,  and  having  in  its  lower  end  a  series  of  holes, 
closed  by  wooden  pegs.  At  its  higher  extremity  is  placed  a  sort 
of  raised  platform,  on  which  the  substance  to  be  washed  is  depo- 
sited, and  on  this  a  small  stream  of  water  is  allowed  to  p&y. 
By  this  arrangement  the  finer  portions  of  the  mineral  are 
cairied  off  in  suspension  in  the  water,  and  are  deposited  at  dis- 
tances from  the  head  of  the  mt  which  vary  in  accordance  with  their 
seyeral  specific  gravities.  When  the  body  of  the  chest  has  become 
full  of  water,  the  stream  on  the  platform  at  its  head  is  turned  off, 
and  one  of  the  pegs  in  the  lower  extremity  being  withdrawn,  the 
water,  and  lighter  particles  which  it  holds  in  suspension,  are  drawn 
off  into  reservoirs,  where  the  solid  matter  is  allowed  to  subside. 
As  the  chest  gradually  becomes  filled  with  the  deposited  sand,  a 
higher  peg  is  removed,  and  finally,  when  the  pit  is  entirely  filled 
with  the  ore,  the  uppermost  peg  is  alone  withdrawn.  The  matters 
deposited  in  this  way  are  divided  into  three  classes.  The  first 
and  heaviest  is  situated  nearest  to  the  head  of  the  pit,  and  consists 
of  the  mineral  so  far  concentrated  as  to  be  frequently  fit  for 
smelting  without  further  preparation.  The  second  and  third 
portions,  which  are  much  less  rich,  are  reserved  for  further  treat- 
ment, either  by  the  percussion  table,  the  sleeping  table,  or  by  a 
second  washing  in  the  German  chest. 

•leeplns  Tables,  which  are  also  called  tvrin  tables  from  being 
commonly  associated  in  pairs,  consist  of  two  inclined  planes  a,  b, 
fig.  77,  varying  from  twenty  to  twenty-five  feet  in  length,  and 
provided  with  raised  sides  for  the  purpose  of  retaining  the  water 
which  runs  over  their  surface. 

At  the  upper  end  a,  of  these  tables,  is  placed  a  triangular  plane, 
which  has  a  much  greater  inclination  than  the  surfaces  of  the 
tables  themselves.  At  the  apex  is  an  opening  by  which  the  water 
which  holds  the  mineral  to  be  washed  in  suspension,  falls  on  the 
inclined  plane:  and  below  this,  at  the  head- board  of  the  table, 
are  placed  numerous  triangular  pieces  of  wood  so  disposed  as  to 
cause  a  uniform  flow  of  water  over  all  its  surface.  The  mineral  to 
be  washed  is  placed  in  a  smaU.  trough  o,  into  which  a  stream  of 
water  is  constimtly  made  to  flow.  Here  the  pounded  ore  is  con- 
tinuaQy  agitated  by  the  arms  of  a  stirrer,  set  in  motion  by  a  small 
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water-wheel  d,  worked  by  a  stream  of  water  flowing  through  the 
channel  ee\ 

By  this  apparatus,  the  mineral  is  stirred  up  with  the  water,  and 
entering  on  tne  head  of  the  table  through  the  aperture  at  a,  flows 


limilTU' 


to  a  greater  or  less  distance  down  the  inclined  plane.  As  the 
wooden  head  of  this  arrangfement  is  very  much  inclined,  no  deposit 
can  take  place  upon  it,  and  consequently  the  whole  of  it  goes  on  to 
the  table  itself,  where  the  richer  portions  remain  nearest  the 
triangular  platform ;  whilst  the  poorer  parts  are  either  deposited 
further  down,  or  are  carried  by  the  force  of  the  stream  into  the 
canals,  f,  f',  by  which  they  are  conducted  into  other  basins  where 
thev  are  allowed  to  settle.  When  the  table  has  become  covered 
with  a  certain  quantity  of  matter,  the  workman  prevents  the  arrival 
of  any  fresh  ore  at  the  top  of  the  platfonn,  ana  begins  to  sweep  by 
means  of  a  small  broom  the  mineral  from  the  lower  end  of  the 
inclined  plane  towards  the  higher.  This  operation  is  commenced 
at  the  pomt  g  ;  and  as  a  stream  of  pure  water  is  now  allowed  to 
flow  over  the  table,  a  still  further  purification  is  thus  effected, 
since  the  poorer  particles  which  may  have  become  accidentally 
entangled  with  the  heavier  portions  are  thus  eliminated. 

When  the  mineral  is  considered  sufficiently  pure,  a  valve  is 
opened  at  the  point  g ;  and  the  contents  of  the  table  are  swept 
through  the  opening  into  hutches  placed  beneath  for  its  reception. 
The  valve  is  then  closed,  and  the  operation  repeated  on  another 
portion  of  ore,  which,  like  the  former,  is  finally  conducted  into 
boxes  placed  for  that  purpose  beneath  the  tables,  and  from  whence 
it  may  in  most  instances  be  conveyed  directly  to  the  smelting 
house.      The  inclination  given  to  tables  of  this  kind  is  regulated 
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by  the  Dftture  of  the  work  to  be  treated.  If  this  be  extremely 
fine,  the  inclination  is  small,  but  if  it  be  in  the  form  of  a  coarse 
powder,  the  planes  on  which  it  is  washed  are  made  to  take  a  more 
decided  dip. 

The  PercuMion  Table,  fig.  78,  consists  of  a  wooden  flooring  a,  b, 
nailed  in  strong  wooden  sleepers  for  the  purpose  of  im^^arting  to  it 


a  considerable  decree  of  weight  and  solidity.  This  is  suspended  by 
four  chains  or  articulated  iron-rods  a  6,  a'  6',  e  dy  &  d' :  of  these  the 
two  former,  ah^af  h\  are  fixed  to  an  immoveable  wooden  firame- 
work,  whilst  the  two  latter  are  attached  to  a  long  forked  lever  c,  c, 
moving  on  the  centres  «,  ^,  and  capable  of  being  raised  or  depressed 
by  a  pin  placed  in  the  holes  of  the  upright  /,  /'.  This  arrange- 
ment affords  the  means  of  varying  the  inclination  of  the  table  a,  b, 
and  consequently  of  adapting  it  for  washing  ores  of  different 
demes  of  nneness. 

The  axle  n  n'  set  in  motion  by  a  water-wheel,  is  provided  with 
cams '  g  ^  g^*  acting  on  the  wooden  lever  e,  connected  with  the 
swinging-table  a  b,  which  it  first  pushes  back,  and  then  allows  to 
fidl  with  considerable  force  against  two  wooden  stops  arranged  for 
that  purpose. 

At  the  head  of  the  suspended  platform  a  b,  is  placed  a  trian^ar 
shelf  V,  similar  to  that  employed  in  the  sloping  table  iust  described, 
and  like  them  jprovided  with  triangular  pieces  of  wood  for  spreading 
tlie  water  uniformly  over  its  surface. 

The  mineral  to  be  washed  is  placed  in  the  trough  a,  where  it 
becomes  mixed  with  water  arriving  through  the  spout  it  n\  It  then 
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passes  onto  the  platform  t  at  the  head  of  the  table,  and  afterwards 
to  the  suspendea  plane  itself,  where  it  will  have  a  tendency  to 
arrange  itself  according  to  its  specific  gravity,  and  settle  as  a  thin 
deposit  over  the  surface.  The  constant  shocks  to  which  this 
arrangement  is  exposed  has,  however,  the  effect  of  again  sus- 
pending the  particles  in  water,  so  that  each  atom  of  which  the 
deposit  consists  has  repeated  opportunities  of  placing  itself  in  the 
position  corresponding  to  its  size  and  density,  and  consequently  of 
Doing  separated  from  the  lighter  earthy  impurities.  These  tables 
are  employed  for  washing  the  same  kinds  of  minerals  as  the  sleeping 
tables,  the  one  or  the  other  being  preferred  according  to  the  nature 
of  the  gangue  from  which  the  ore  has  to  be  separated.  The  inclina- 
tion given  to  the  swinging  table  will  depend  on  the  degree  of 
fineness  to  which  the  ore  has  been  reduced,  as  will  also  the 
frequency  and  force  of  the  blows,  and  the  quantity  of  water  to  be 
employed. 

ii  the  mines  of  Cornwall  neither  of  these  contrivances  are  em- 
ployed, and  the  concentration  of  the  bruised  ore  is  chiefiy  effected 
by  the  use  of  huddles  and  racks. 


79. 

The  uricklns-BQddie,  fig.  79,  consists  ot  a  long  cistern  with  an 
inclined  floor,  very  similar  in  appearance  to  a  German  chest, 
although  the  methods  of  working  the  two  are  extremely  different. 

At  the  head,  a,  of  the  huddle  is  a  rectangular  head-board,  similar 
to  those  of  the  arrangements  last  described,  except  that  it  is  not 
provided  with  water-guides,  as  are  the  platforms  of  the  sleeping^ 
and  percussion  tables  of  the  continent.  At  a,  a  current  of  water, 
regulated  by  a  wooden  plug,  is  brought  on  the  inclined  upper 
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Bthelf,  and  on  this  the  mineral  to  be  washed  is  placed.  This  is 
done  bj  a  boy  who  takes  care  to  reduce  all  the  lumps  it  may 
contain  before  placing  it  in  the  water,  whilst  another  boy,  who  is 
generally  older  than  the  first,  and  consequently  has  more  expe- 
rience of  the  work,  stands  in  the  pit  itself,  and  with  a  sharp-pointed 
shovel  alternately  smooths  and  notches  the  charge  on  the  head- 
board. The  notches  made  in  the  ore  are  rapidly  effected  by  the 
shovel  in  the  direction  of  the  current  of  water,  and  at  the  next 
instant  all  obliterated,  to  give  place  to  a  quick  succession  of  others, 
which  are  made  in  their  turn  to  disappear.  The  ore  is  thus 
speedily  washed  from  the  head,  a,  into  the  huddle  itself,  b  c,  when 
the  boy,  instead  of  immediately  adding  a  fresh  supply  on  the 
triangular  head,  commences  to  brush  the  layer  which  has  formed 
in  the  direction  of  o  to  b,  which  smooths  its  surface,  and  not  only 

grevents  its  bein^  spread  unevenly  by  the  water  flowing  over  it, 
ut  also,  by  disturbing  the  particles  of  which  it  is  composed,  causes 
them  to  arrange  themselves  more  perfectly  in  accordance  with  their 
different  densities.  The  effect  thus  produced  by  sweeping  with  a 
broom  is  somewhat  similar  to  that  obtained  by  the  repeated  shocks 
of  the  percussion  table,  and  the  lighter  portions,  wnich  are  held 
in  suspension  in  water,  are  carried  off  through  the  holes,  c,  into 
pits  prepared  for  their  reception.  When  the  deposit  of  the  heavier 
particles  has  reached  the  level  of  the  lowest  hole,  and  they  conse- 
quently begin  to  escape,  the  aperture  is  stopped  with  a  plug,  and 
tne  water  and  suspended  gangue  allowed  to  now  out  of  that  which 
ia  next  above  it  in  the  series.  As  soon  as  the  level  of  the  deposit 
has  reached  this  point,  it  is  in  its  turn  plugged,  and  so  on,  until 
the  pit,  B  c,  is  entirely  filled.  When  this  is  the  case,  the  sand 
is  consolidated  by  making  a  series  of  long  cuts  with  the  shovel  in 
the  direction  of  its  length,  and,  when  sufficiently  drained,  the 
contents  are  divided  into  three  classes,  as  shown  by  the  lines  e/, 
g  A.  Of  these,  that  which  is  nearest  to  the  head  of  the  pit  is 
necessarily  the  richest  in  ore,  and  is  frequently  sufficiently  pure 
for  the  purposes  of  the  smelter.  The  second  division  is  usually 
laid  asiae  to  be  again  huddled,  whilst  the  third  portion,  which  con- 
sists of  the  finer  and  poorer  particles,  is  treated  on  the  rack-frame, 
now  to  be  described. 

The  Baek,  fig.  80,  consists  of  a  smooth  wooden  flooring,  f, 
nailed  on  the  under  side  of  a  strong  framing,  g  g^  suspended  m  a 
alightly  inclined  position  by  the  pivots,  p  p',  and  having  a  head-board 
similar  to  that  of  the  huddle.  In  order  to  admit  of  turning 
the  table  on  its  axes,  it  is  not  attached  to  the  head,  n,  but  the 
water  is  carried  from  the  higher  to  the  lower  level,  by  a  flap,  v, 
hung  on  leather  hinges,  and  which  admits  of  being  easily  raised, 
when  the  rack  itself  is  made  to  move  on  its  pivots. 
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To  use  this  table  the  ore  to  be  washed  is  placed  on  H, 


and 


±0  use  tillB  tauic  tuc  ui^    vu   t/v    „..«««-  .-   r — "  '         , 

a  stream  of  water  admitted  through  an  aperture,  partially  stopped 


by  a  wooden  plug.  The  pounded  mineral  is  then  alternately 
furrowed  and  flattened,  as  in  the  case  of  the  huddle;  but  in- 
stead of  this  being  done  by  a  shovel,  a  wooden  hoe  is  used 
for  that  purpose.  After  two  or  three  successive  charges  have 
in  this  way  been  transferred  from  the  upper  ledge  to  the  lower 
table,  F,  which  has  a  slight  inclination,  the  deposit  is  moved 
by  the  wooden  rake  towards  the  most  elevated  part  of  the 
floor,  a  sheet  of  clean  water  being  at  the  same  time  conducted 
over  its  surflEU^.  By  this  treatment,  and  successive  washings 
with  a  small  heath^broom,  the  particles  of  ore  are  ultimately 
separated  from  the  lighter  earthy  impurities,  which  are  carried 
by  the  water  to  the  bottom  of  the  rack,  where  they  escape  through 
the  opening  into  reservoirs  prepared  for  their  reception. 

When  a  sufficient  laver  of  mineral  has  by  this  manipulation 
been  collected  on  the  table,  it  is  made  to  take  a  quarter  revolution 
on  its  axes,  and,  when  in  a  vertical  position,  is  caught  by  a  wooden 
spring,  which  holds  it  firmly  in  that  situation. 

The  person  working  the  frame  now  washes  off  the  ore  by  the 
use  of  a  wooden  bowl  with  a  long  handle,  which  causes  it  to  fall 
first  into  the  angle  formed  by  the  meeting  of  the  side,  p,  and  the 
floor,  F,  and  ultimately  into  boxes  placed  beneath  for  its  reception. 
In  this,  as  in  the  preceding  examples,  the  richer  ore  will  be  found 
to  accumulate  at  tne  upper  end  of  the  inclined  plane,  and  therefore 
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tbe  washed  ore  is  divided  into  two  parts,  each  of  which  falls 
into  a  different  receptacle. 

This  division  is  made  by  a  fillet,  placed  on  the  side  of  the  rack  at 
about  equal  distances  from  its  two  extremities,  and  which,  when 
the  plane  is  brought  in  a  proper  position  for  washing  off  the  depo- 
sited metalliferous  grains,  forms  a  dam,  and  causes  that  which  is 
deposited  on  the  upper  part  of  the  floor  to  fall  into  one  box,  or 
ewer,  whilst  that  which  is  deposited  on  the  lower  falls  into 
another. 

Many  other  methods  are  employed  in  various  parts  of  the  world 
for  washing  different  kinds  of  ores,  but  in  all  cases  the  purification 
depends  on  similar  principles,  and  the  processes  are  only  varied  to 
smt  some  peculiarity  of  the  minerals  operated  on.  The  mechanical 
pr^aration  of  mineral  substances  is,  however,  a  very  tedious  and 
dehcate  operation,  and  one  that  requires  considerable  skill  and 
experience,  as  a  process  which  may  perfectly  succeed  with  an  ore 
in  one  locality,  will  not  be  found  to  yield  satisfactory  results  in 
another  situation,  as  the  nature  of  the  gangue  with  which  it  is  asso- 
ciated, and  its  state  of  aggregation,  will  be  found  to  materially 
influence  the  results  obtained. 
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With  but  few  exceptions  the  operationfl  emplojred  for  the  extrac'* 
tion  of  the  metals  trom  their  ores  require  the  aid  of  very  elevated 
temperatures,  and  consequently  it  is  important  that  the  metallur- 
gbt  should  be  fully  acquainted  with  the  different  properties  of  the 
various  kinds  of  fiiels,  and  be  thereby  enabled  to  judge  under  what 
circumstances  they  may  each  be  most  economically  employed. 

Wood. — The  roots,  trunks,  and  branches  of  trees  are  called 
wood.  Ordinary  wood  consists  of  three  distinct  portions, — woody 
fibre  (composed  of  carbon,  hydrogen,  and  oxvgen),  the  eofutituents 
of  the  sap  and  water.  Eecently  felled  timber  contains  all  three 
of  these  ingredients,  but  loses  a  large  proportion  of  its  water  by 
e^qposure  to  the  air.  The  relative  proportion  of  these  ingredients 
diners  in  the  various  kinds  of  woods,  and  is  also  considerably 
affected  by  the  seasons  of  the  year  at  which  the  different  speci- 
mens are  felled.  When  trees  are  cut  during  the  winter  months, 
and  therefore  not  in  a  state  of  active  vegetation,  this  proportion 
is  found  to  be  less  than  if  felled  in  the  simmier  when  full  of  sap  ; 
and  consequently  all  wood  should  (unless  prevented  from  some 
special  cause)  be  felled  during  the  colder  portion  of  the  year. 

Some  kinds  of  trees  are  cultivated,  not  only  for  the  timber 
which  they  yield,  but  also  on  account  of  the  tannin  contained  in 
their  barks ;  and  such  species  are  usually  cut  during  the  flow  of 
the  sap,  as  they  are  at  that  time  more  easUy  barked,  and  likewise 
contain  a  larger  proportion  of  the  compound,  on  account  of  which 
their  bark  is  collected. 

The  small  shoots  and  twigs  yield  a  larger  per  centage  of  water 
than  the  more  solid  stem,  and  the  difference  is  also  very  con- 
siderable in  many  woods  of  alike  nature,  but  of  different  botanical 
species,  as  may  be  observed  by  inspection  of  the  following  num- 
bers, given  by  Schiibler  and  Hartig. 

100  parts  of  fresh  cut  wood,  from  the 


WATER. 

Honibeam  (Carp.  betuL)  oontain  18-6 
Willow  (Sal.  capiea)  ....  260 
Sycamore  (Ao.  pseudoplat.)  .  .  27.0 
Mountain  ash  (Sorb,  aucupar.)  28*8 
Ash  (Fraxin  excelsior)  .  .  .  28*7 
Birch  (Betnla  alba)      ....  80*0 


WATS&. 

Wild  serrioe  tree(Crataeg.  tormi- 

nalis) 82*3 

Oak  (Querc.  robur)  ....  84-7 
Pedicle  Oak  (Q.  pedunculata)  .  85*4 
White  Fir  (Pin.  Abies  dur)  .  87-1 
Horse-oheanot  (Ae8cuLhippocast.)88.2 
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WATSB. 

89-7 
39-7 
41-6 
43-7 
44-5 
452 


WATXB. 

Lime  tree  (Tilia  europea)     .    .  47'1 
ItaliAn  Poplar  (Pop.  dilatat.)    .  48*2 

Larch  (Pin.  larix) 48*6 

White  Poplar  (Pop. alba)      .    .  606 
Black  Poplar  (Pop.  nigra)     .    .  51*8 


Pine  (P.  vjhester  L.)  contain 
Bed  Beech  (Fagus  syWat.) 
Alder  (Betul.alnu8)  .  . 
Ajp  (PopuL  tremuk)  .  . 
Elm  (Ulmus  campeetr.)  . 
Bedfir(P.picea.dur)    . 

It  therefore  follows  that  recently  cut  wood  contains  from  one- 
fifth  to  one-half  its  weight  of  water,  which  would  not  only  detract 
from  its  Talue  as  a  fuel,  in  the  same  proportion,  but,  fit)m  its 
escaping  in  the  form  of  vapour,  must,  moreover,  carry  off  a  part 
of  the  heat  developed  by  the  combustion  of  the  other  elements. 

By  exposure  to  the  au*  green  wood  soon  loses  a  portion  of  its 
water,  but  after  a  time  it  ceases  to  diminish  in  weight,  as  a  sort  of 
equilibrium  is  established  between  the  hygroscopic  power  of  the 
air  and  that  of  the  wood  itself.  AVTien  this  occurs  no  ftirther 
drying  is  effected  by  continued  exposure,  and  its  per-centage  of 
water  will  only  vary  within  very  narrow  limits,  dependent  on  the 
dryness  or  humidity  of  the  situation  in  which  it  is  placed. 

In  this  state  wood  is  said  to  be  air-dried^  and  the  remaining 
portions  can  only  be  expelled  by  the  aid  of  heat,  the  last  traces 
being  eliminated  with  extreme  difficulty. 

Coont  Itumford,  who  heated  specimens  of  various  kinds  of  air- 
dried  woods  at  a  temperatiu^  of  277°  Faht.  until  they  ceased  to 
lose  weight,  obtained  the  following  results : — 


Oak  wood  lost    .     .     .  16*64 

Ehn 18-20 

Beech 1856 

Maple 18-63 


100  parts  of 


Fir  wood  lost      .    .     .  17-53 

Birch 19-38 

Lime 1879 

Poplar 19-65 


Generally  speaking,  however,  the  wood  employed  for  fiiel  is 
never  thoroughly  dried,  but  retains  from  20  to  25  per  cent,  of 
water,  so  that  the  driest  specimens  seldom  contain  more  than  80 
per  cent,  of  combustible  matter.  Wood  several  years  old,  kept  in 
a  warm  room  for  six  months,  still  retains,  according  to  Winkler,  17 
per  cent,  of  water.  Woods  are  usually  divided  into  two  classes — 
kardtaidL  9oft,  This  distinction  is  founaed  on  their  calorific  proper- 
ties and  the  &cility  with  which  they  can  be  worked  by  edge-tools. 

The  former,  among  which  are  numbered  oak,  beech,  white  and 
red  birch,  elm,  and  uder,  contain  in  the  same  bulk  a  larger  pro- 
portion of  fibre,  and  have  their  vessels  more  closely  packed  uxan 
those  of  the  softer  varieties, — such  as  pine  fir,  wnite  fir,  larch, 
lime,  willow,  and  the  various  kinds  of  poplar. 

Trees  which  have  grown  in  poor  land  and  in  exposed  situations, 
are  found  to  produce  harder  and  denser  wood,  than  others  of  the 
■ame  kind,  which  have  been  planted  in  more  sheltered/ IcK^ties 
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and  richer  soils.  The  specific  gravity  of  wood  depends  in  a  great 
measure  on  its  structure ;  but  as  two  specimens  of  the  same  tree 
can  never  be  found  perfectly  homogeneous,  the  results  obtained  by 
experiment  should  rather  be  considered  as  approximative  than  as 
representing  the  true  density  of  the  wood  examined  These  varia- 
tions of  specific  gravity  will  also  be  influenced,  to  a  certain  degree, 
by  the  nature  of  the  soil  in  which  the  tree  has  grown,  as  on  this  will 
depend  in  a  great  measure  the  quantity  and  character  of  the  salts 
which  it  contains. 

Erom  the  air  contained  in  their  cavities,  woods  are  in  their  ordi- 
nary state  generally  lighter  than  the  same  bulk  of  distilled  water ; 
but  when  reduced,  by  rasping,  to  the  state  of  fine  powder,  even  the 
softest  varieties  are  found  to  possess  a  greater  density  than  that 
liquid.  By  thus  destroying  the  pores,  and  liberating  the  inclosed 
air,  the  specific  gravity  of  the  following  woods  was  found  to  be — 

Oak 1-27 

Lime     ....    113 

Fir 116 

Beech    ....     1-29. 
In  the  following  table  the  respective  densities  of  the  different 
kiuds  of  wood  in  their  various  states  are  given  according  to  the 
best  authorities : — 

Specific  Gravity  of  different  kinds  of  Wood, 


1. 

2. 

8. 

Variety  of  Wood. 

Beoently 
FeUed. 

Dried  in 
Air. 

'& 

Ck>mmon  Oak  (Quercus  robup)    . 

10754 

0-7076 

0-663 

Pedicle  Oak  (Q.  pedunculata)     . 

10494 

0-6777 

0-663 

Wliit«  Willow  (Salix  alba) 

0-9859 

0-4873 

0-457 

Beech  (FaguB  sylvatica)      . 

0-9822 

0-5907 

0-660 

Elm  (UlmuB  campestru)     . 

0-9476 

0-6474 

0-618 

Hornbeam  (Garpiniis  betulus)     • 

0-9452 

0-7695 

0-691 

Larch  (Pinua  larix)    .... 

0-9206 

0-4736 

0-441 

Scotch  Fir  (Pinus  sylyestris)      . 

09121 

0-5602 

0-485 

Sycamore  (Acer  pBeudoplatanus) 
Ash  (FraxinuB  excelsior)    . 

0-90S6 

0-6692 

0-618 

0-9036 

0-6440 

0-619 

Birch  (Betula  alba)    .... 

0-9012 

0-6274 

0-596 

Mountam  Ash  (Sorb,  ancaparia) 

0-8993 

0-6440 

0-552 

Fir  (Pinus  abiet,  Duroi)     . 

0-8941 

0-6660 

0-498 

Silver  Fir  (Pinus  pioea,  D.) 

0-8699 

0-4716 

0-434 

Wild  Service  (Orat.  torminalis)  . 

0-8633 

0-6910 

0-549 

Horse-cBbsnut  TAesculus  hippoc.)       , 
Alder  (Betula  alnus)  .... 

0  8614 

0-6749 

— 

0-8671 

0-6001 

0-448 

Lime  (Tilia  Europea) 

0.8170 

0-4390 

0-481 

Black  Poplar  (Populus  nigm)     . 

0-7795 

0-3666 

0-846 

Aspen  (Populus  tremula)   . 
Italian  poplar  (Populus  italica) 

07664 
0-7634 

0-4802 
0-3931 

0-418 

Ebony 

— 

1-2260 

"" 
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The  colomnB  1  and  2  give  the  densities  determined  by  Hartig, 

and  column  3  the  results  obtained  by  Winkler,  who  weighed  a 

cubic  inch  of  each  kind  of  wood. 
Wood  not  only  loses  weight  by  exposure  to  air,  but  at  the  same 

time  decreases  in  bulk ;  and  in  some  varieties  this  takes  place  to 

the  extent  of  one-tenth  of  its  original  Yolume. 

By  long  immersion  in  water,  the  soluble  and  extractive  matter 
contained  in  woods  is  dissolved,  and  therefore  the  method  of 
transporting  it  by  rafts,  as  practised  in  some  countries,  is  not  only 
found  to  lessen  its  weight,  but  also  to  reduce  its  calorific  powers ; 
and  consequently  the  advantages  of  cheap  transport  are  in  part 
counterbalanced  by  the  inferiority  of  the  wood  thus  conveyed. 

The  proximate  analysis  of  different  kinds  of  wood  yields  results 
little  differing  from  each  other ;  but  in  all  the  varieties  which  have 
yet  been  examined  there  is  a  slight  excess  of  hydrogen  over  the 
oxygen,  although,  in  pure  woody  fibre,  they  are  combmed  in  such 
proportion  as,  by  their  union,  to  form  water.  The  results  of 
Schodler  and  Petersen  are  given  in  the  following  table.  The 
different  kinds  of  wood  were,  in  these  experiments,  first  reduced 
to  the  state  of  powder,  and  then  dried  at  212°  Fah.  until  they  ceased 
to  lose  weight. 

100  Parts  yielded:— 


Species  of  Wood. 

Carbon. 

Hydrogen. 

Oxygen. 

Pure  woody  fibre 

. 

62-65 

5-25 

42-10 

Quercus  robur 

49-43 

6-07 

44-50 

Fraxin.  excelsior  . 

49-36 

607 

44-57 

Acer  campestris  . 

49-80 

6-37 

43-89 

Fagus  sylvatica     . 

48-53 

6-30 

4517 

Betula  alba      .     . 

48-60 

6-37 

4502 

Ulmus  campestris 

50-19 

6-42 

43-39 

Populus  nigra 

49-70 

6-31 

43-99 

Tilia  Europcea 
Salix  fragilis    .     . 

49-41 

6-86 

43-73 

48-44 

6-36 

44-80 

Pinus  abies      .     . 

49-95 

6-41 

43-65 

Pinus  picea      .     . 

49-59 

6-38 

44-02 

Pinus  sylvestris 

49-94 

6-25 

43-81 

Pinus  larix       .     . 

5011 

6-31 

43-58 

The  nature  and  amount  of  the  ashes  left  by  the  combus- 
tion of  the  various  kinds  of  wood,  depends,  not  only  on  the 
species  of  tree  examined,  but  is  also,  to  a  certain  degree,  in- 
fiaeaiced  by  the  nature  of  the  soil  on  which  it  has  been  produced. 
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as  the  different  inorganic  substances  which  enter  into  the  compo- 
sition of  organic  bodies  seem  to  have,  to  a  great  extent,  the  power 
of  replacing  each  other  in  the  same  way  that  one  isomorphoua 
substance  may  be  substituted  for  another  without  affecting  the 
form  of  a  crystalline  body.  Generally  speaking,  the  ashes  of  wood 
contain,  besides  potash  or  soda,  or  both,  lime,  ma^esia,  and  iron, 
combined  with  carbonic,  silicic,  sulphuric,  and  phosphoric  acids, 
together  with  the  chlorides  of  their  radicals. 

The  following  table*  gives  the  per-centage  amount  of  ash  re* 
malning  after  the  combustion  of  different  varieties  of  wood : — 


Fir   .        .        . 

.  00083 

Elder  Tree    . 

.  0-0164 

Birch 

.  00100 

Arbre  de  Judee 

.  0.0170 

False  Ebony      . 

.  00125 

Oak  (branches) 

.  00260 

Hazel 

.  00157 

Oak  (bark)    . 

.  00600 

White  Mulberry 

.  00160 

Lime  Tree     . 

.  10600 

Saint  Lucia 

.  00160 

The  different  parts  of  the  same  tree  do  not  yield  equal  propor- 
tions of  incombustible  matter ;  the  bark  and  leaves  always  pro- 
duce a  larger  amount  than  the  branches,  whilst  the  branches  leave 
more  than  the  trunk.  Woody  plants  generally  yield  less  than 
herbaceous  ones,  which  are  also  remarkable  for  containing  a  larger 
proportion  of  silica  than  is  usually  met  with  in  wood  ashes. 

The  experiments  of  Berthier  on  the  ashes  of  various  kinds  of 
trees  afforded  him  the  following  results : — 


Table  showing  the  Composition  of  the  Ashes  of  various  Trees. 


Oak. 

Lime  Tree. 

Chesnut. 

Fir. 

Mulberry. 

Carbonic  Acid    •    . 
Sulphuric  Add  .    . 
Hydrochloric  Acid*. 

SiUca 

Potash      .... 
ISoda 

28-40 
5-9 
40 
10 

J60-7 

282 
76 
1-8 
1-7 

60-7 

18-8 
8-7 
0-6 
27 

69-8 

802 
81 
0-3 
10 

65-4 

230 
8-8 
40 

52-0 
11-5 

100-0 

1000 

1000 

1000 

98-8 

1  Berthier,  Essai  par  la  Yoie  Seohe,  Vol.  i.  p.  259. 

'  According  to  the  theory  at  present  receiyed  among  chemists,  hydrochloric 
add  does  not  combine  directly  with  the  alkalies,  but  chlorine  becomes  united 
to  the  metallic  radical,  water  at  the  same  time  being  fonued.  In  the  above 
table  the  author's  results  are  given  in  his  own  words. 
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Oak. 

Lime  Tree 

Chesnut. 

Fir.      Mulberry. 

1 

1 

1-^ 

«  Ourbomic  Acid    •    . 
Phosphoric  Acid     • 

Silica 

I/img   •     •     .     •    • 
Magneeift  .... 
Oxide  of  Iron     .     . 

^  Charooal,  Ac,     .     . 

301 
70 
1-7 

44-7 
7-9 
01 
29 
4*5 

89  8 
2-8 
20 

518 
22 
01 
0-9 

80-6 
1-9 
8-5 

611 
3-8 
3-6 

280 
4-2 
80 

39  8 
4.4 

141 
60 

420 
1-8 
2-9 

461 
46 
0-5 
1-3 

98-9 

99-3 

993 

99-5 

99*2 

Turf  Mill  Peat. — In  low  and  moist  situations,  where  water 
collects  and  cannot  easily  flow  off,  and  in  which  the  loss  by 
eraporation  is  inconsiderable,  large  swamps  or  moors  are  formed, 
and  in  these,  water  plants  of  au  kinds,  such  as  sedges,  rushes, 
reeds,  mosses,  algffi,  and  even  small  shrubs,  grow  with  great  ra- 
pidity, and  quickly  cover  the  surface  with  a  thick  layer  of  vegeta- 
tion. As  winter  comes  on,  these  die  and  fall  to  the  ground,  and 
are,  on  the  return  of  spring,  themselves  covered  with  another  crop 
of  similar  plants.  These  changes  go  on  from  year  to  year,  and 
finally  the  bottom  of  the  valley  becomes  covered  with  a  thick  layer 
of  vegetable  matter  in  a  very  loose  state  of  aggregation.  After  a 
time,  decomposition  takes  place  in  the  mass,  carbonic  acid  and 
OLirsh  gas  (light  carburetted  hydrogen),  together  with  small 
quantities  of  smphuretted  hydrogen,  are  evolved,  produced  by  the 
reduction  of  the  sulphates  present,  and  finally  the  whole  attains  a 
considerable  density  and  becomes  of  a  dark  earthy  colour. 

This  substance  is  called  peat,  and  is  in  many  places  extensively 
employed  for  the  purpose  of  producing  heat.  There  are  but  few 
localities  in  which  small  quantities  of  this  substance  are  not  found ; 
but  in  some  countries,  such  as  Holland  and  North  Oermany, 
such  formations  extend  over  districts  of  immense  extent,  and 
annually  furnish  large  amounts  of  fuel  to  the  various  manufac- 
tories in  their  vicinity. 

Sometimes  the  di^rent  deposits  of  peat  appear  to  have  taken 

Slace  at  successive  periods,  and  in  this  case  th^  are  generally 
ivided  into  parallel  horizontal  strata  by  layers  01  sand  of  various 
thicknesses.  The  layers  nearest  the  surface  are  for  the  most  part 
less  compact,  and  of  a  lighter  colour,  than  those  found  deeper  in 
the  aeries,  and  are  made  up  of  the  roots  and  stems  of  plants, 
which,  although  more  or  less  decomposed,  still  retain  their  original 
forms. 
Thia  porous  spongy  substance  is  called  turf,  and  generally 
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becomes  of  a  darker  colour  and  greater  density  as  its  depth  in- 
creases ;  finally,  it  loses  all  outward  traces  of  its  yegetable  origin, 
and  is  transformed  into  a  dark  muddy  substance,  called  peat. 

Peat  consists  of  turf  so  far  decomposed  that  no  traces  of  its 
original  organic  structiure  remain,  and  of  which  the  fracture  has 
become  compact,  and  in  some  instances  even  resinous.  Its  density 
is  also  always  greater  than  that  of  the  more  recent  variety,  of 
which  a  cubic  loot,  on  an  average,  only  weighs  from  four  to  six 
pounds,  whilst  the  weight  of  the  same  bulk  of  ordinary  peat  varies 
from  twelve  to  twenty  pounds. 

The  cutting  of  peat  is  a  very  simple  operation.  After  having 
laid  bare  the  surface,  the  peat  is  cut  bj  square-pointed  shovels 
in  the  shape  of  rectangular  blocks,  which  are  afterwards  dried 
in  the  sun,  and  subsequently  stacked,  either  to  be  employed 
for  metallurgical  purposes,  or  to  be  used  for  ordinary  fires. 
In  some  instances  the  surface  of  the  ground  is  covered  with 
water,  which,  from  want  of  level,  cannot  be  drawn  off;  and 
in  such  cases  the  peat  is  collected  by  means  of  an  instrument 
called  a  louchet  This  consists  of  a  square-pointed  shovel  pro- 
vided with  an  edge  turned  up  at  right  angles  for  the  purpose 
of  affording  a  hold  for  the  block  after  its  separation  from  the 
mass.  To  use  this  tool,  a  man  stands  on  a  stage  raised  a  little 
above  the  surface  of  the  water,  and,  having  thrust  the  instrument 
into  the  peat,  withdraws  it,  together  with  a  small  cube  of  the  com- 
bustible, attached  bjr  its  adhesion  to  its  two  sides.  When  the 
depth  of  the  water  is  more  considerable,  a  larger  instrument  is 
employed,  which  is  worked  by  two  men,  and  provided  with  a  spring 
for  holding  the  detached  cube  of  peat  with  sufficient  firmness  to 
allow  of  its  being  drawn  to  the  surface,  where  the  spring  is  ^- 
leased  and  the  charge  withdrawn. 

In  Holland,  when  the  peat  has  become  too  spongy  to  be  further 
extracted  by  the  method  above  described,  and  is  reduced  to  the  state 
of  black  mud,  it  is  obtained  by  the  use  of  a  sort  of  dredge,  made 
of  a  sharp  steel  hoop,  to  which  is  attached  a  bag  of  close  network, 
which  allows  the  water  to  flow  through,  but  retains  the  particles  of 
peaty  matter  scraped  from  below  the  surface  of  the  water.  These 
are  allowed  to  drain  in  wooden  troughs  of  which  the  bottoms  are 
covered  with  straw,  and  in  which  numerous  holes  are  bored  for  the 
purpose  of  allowing  the  water  to  escape.  When  the  mass  has 
thus  attained  a  certain  consistence,  it  is  trodden  down  by  persons 
wearing  large  pieces  of  wood,  like  snow-shoes,  on  their  feet,  to 
prevent  their  smking  into  it,  and  when  sufficiently  firm  to  resist 
the  pressure  of  the  foot,  it  is  beaten  with  a  peculiar  kind  of  beater 
until  nearly  all  the  water  is  expelled.  It  is  now  cut  into  blocks 
not  unlike  bricks,  and  stacked  under  proper  sheds,  so  as  to  allow 
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currents  of  air  to  pass  between  the  different  layers,  and  thereby 
facilitate  the  drying  of  the  blocks. 

The  ashes  wmch  remain  after  burning  peat  are  partially  derived 
firom  the  salts  originally  contained  in  the  yegetables  of  which  it  is 
composed ;  but  by  far  the  largest  proportion  arises  from  earthy 
matters  subsequently  deposited  from  the  water  which  so  frequently 
coYers  the  surface  of  the  moors  in  which  it  is  produced. 

The  composition  of  the  ashes  of  peat  will  necessarily  be  in- 
fluenced to  a  great  extent  by  the  nature  of  the  soil  in  the  neigh- 
bourhood where  it  is  formed,  as  the  water  descending  from  higher 
grounds  during  heavy  rains  will  always  carry  with  it,  in  suspension, 
small  particles  of  the  earth  of  which  they  are  composed,  and  which 
is  deposited  in  the  form  of  sand  on  reaching  the  lower  lands, 
where  it  accumulates.  In  &ct,  it  is  constantly  observed  that  the 
ashes  of  peat  from  a  calcareous  district  will  principally  consist  of 
carbonate  of  lime,  whilst  a  specimen  which  has  been  formed 
amongst  hills  of  igneous  origin  yields  an  ash  in  which  siliceous 
sand  predominates. 

In  100  parts  of  peat  the  following  quantities  of  ash  have  been 
observed : — 


Variety  of  Peat. 


Grass  Peat,  browniflh  yellow 

Pitdi  Peat,  from  Clermont 

Herbaoeous,  from  Burgundy 

Brown  and  HerbaoeouB,  from  Troyes  . 

Very  old  Peat,  from  Yulcaire,  near  Abbeyille 

«  "         Long  . 

Not  so  old,  from  Champ  de  Feu 
Near  Berlin,  Ist  stage 

«        *'       2d    "  ... 

«        «       8d    "  ... 

Hoor  in  Eiehsfeld,  1st  sort 

••  **  2d    "  .        . 

«  «*  8d    "  .        . 

•«  •*  4th  «*  .        . 

Tdlowidi  bfown,  from  Dartmoor 


Ash. 


17-80 

26-00 

710 

1600 

5-88 

4-61 

5-86 

9-80 

10-20 

11-20 

21-50 

230 

80-6 

83-0 

18-48 


Observers. 


Berthier. 

Begnault. 
Achard. 

l-Buchholz. 
J.A.PhilUps. 


After  deducting  the  ash,  Begnault  obtained  the  following  per- 
centage amounts  from  thi^ee  specimens  of  peat,  included  m  the 
foregoing  table : — 


Peat  firom  Vulcaire  .  . 
"  Long  .  .  . 
**        Champ  de  Feu 


Carbon. 
6703 
68-09 
67-79 


Hjdrogen. 
.  6-63  . 
.  0-98  . 
.     6-11     . 


Or^genand 

Nitrogen. 
.     31-76 
-    31-87 
.    80-77 
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Fossil  fuel  is  found  in  three  distinct  formations — 

Istly.  In  the  tertiary  formation :  fresh  water  limestone,  shell 
limestone,  &c. 

2dly.  In  the  secondary  formation:  both  in  the  older  Keuperand 
Jura  formations,  and  in  the  more  recent  chalk. 

3dl)r.  In  the  coal  formation^  which  is  subdivided  into  the  older 
transition  formation^  producing  anthracite ;  and  the  newer  co<d 
formation,  yielding  coal. 

Llsnlte,  or  Brown  Coal,  from  the  tertiary  formation,  varies  very 
much  in  its  appearance  and  composition,  and  has  consequently 
received  from  mineralogists  several  distinct  names,  such  as  brown 
coal,  bituminous  wood,  common  lignite,  and  earthy  lignite.  Of 
these,  the  former  very  much  resembles  turf  in  its  nature,  consist- 
ing of  woody  matter,  which  in  many  instances  so  far  retains  its 
original  structure  as  to  admit  of  the  recognition  of  the  class  to 
which  the  tree  belonged.  This  kind  frequently  loses  about  20 
per  cent,  of  water  at  a  heat  of  212°  Fah.,  and  yields  from  35  to  40 
per  cent,  of  a  brittle  coke  resembling  charcoal. 

The  second  variety,  or  bituminous  wood,  although  it  still  pre- 
sents to  a  certain  degree  its  woody  teiture,  is  generally  of  a  very 
dark  brown  or  black  colour,  and  more  closely  resembles  in  its 
nature  some  varieties  of  mineral  pitch  than  the  wood  from  which 
it  was  originally  formed. 

At  Meiszner,  in  Oermany,  a  deposit  of  bituminous  wood  is 
covered  by  a  stratum  of  basalt  more  than  three  hundred  feet  in 
thickness,  and  occurs  in  flattened  fragments  which  still  retain  the 
laminated  structure  of  wood.  Its  transverse  fracture  is  conchoidal 
and  glossy,  its  specific  gravity  32,  and  the  usual  colour  of  the 
substance,  either  dark  brown  or  black.  When  burnt,  it  decrepi- 
tates on  the  fire,  giving  off  a  very  disagreeable  odour,  and  leaves 
about  14  per  cent,  of  ash. 

Common  lignite  very  much  resembles  in  its  appearance  coals 
from  the  secondary  formations.  Its  usual  colour  is  black  or 
brown,  with  a  compact  structure  and  irregular  fracture.  Some- 
times the  fracture  is  conchoidal  and  brilliant,  and  in  this  case  the 
substance  is  often  called  jet,  although  the  true  jet  from  which 
ornaments  are  manufactured  is  not  a  variety  of  lignite.  This 
substance  contains  a  less  proportion  of  water  than  the  variety 
knowTi  by  the  name  of  fossil  wood,  and  has  an  average  specific 
gravity  of  1*20.  When  heated,  it  gives  off  inflammable  gases, 
together  with  acid  and  tarry  matters ;  but  the  resulting  coke  in 
most  instapces  retains  the  form  of  the  fragment  from  which  it  was 
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produced.  Less  frequently,  the  lignites  may  be  so  far  softened  by 
heat  as  to  run  together  and  cake  on  the  fire,  or  even  to  assume  a 
tarry  consistence ;  but  these  specimens  are  only  to  be  obtained 
from  deposits  occurring  in  the  fresh- water  limestone  formations. 

The  earthy  lignites,  as  their  name  implies,  contain  a  large  pro- 
portion of  incombustible  foreign  matter.  They  have  a  dark 
brown  colour  and  hackly  fracture,  and,  from  the  quantities  of  iron 
pyrites  and  clay  which  they  contain,  are  sometimes  burnt  for  the 
purpose  of  manufacturing  alum  and  copperas  from  the  ashes  they 
thus  afford. 

The  following  table  shows  the  per^centage  composition  of  several 
varieties  of  lignite : — 


Oxygen, 

Yariety  of  Lignite. 

AHh. 

Carbon. 

Hydrogen. 

Sulphur,  & 
Nitrogen. 

Obserrers. 

Earthy,  from  Bax  . 

4-99 

70-49 

5-59 

18-93 

Boucbes  da 
Khone  .     .  . 

13-48 

63-88 

'4-68 

18-11 

'Begnault. 

Nieder-Alpen   . 

301 

7002 

5-20 

21-77 

jfeiflzner     .     • 

1910 

7012 

3-19 

7-59 

Pitch  Goal  .    . 

11-50 

5660 

4.76 

27-15 

Bingkuhl     .     . 

1017 

60-83 

4-36 

24-64 

■Kiibnert. 

Gaimel    Coal   from 

Bingkuhl    .     . 

10-66 

66.11 

4-82 

18-51 

. 

Wigan    .     .     . 

4-95 

80-21 

6-30 

8-54 

J.A.PhiUip». 

Conception  Bay 
Lignite,  mm  Sandy 

7-49 

70-33 

5-84 

16-34 

Admiralty 
■Coals  TrivAftti' 

Bav,  Patagonia 
Talcahnano  Bay 

13-29 

62-19 

5-08 

19-44 

)  gation. 

6-92 

70-71 

6-44 

16-93 

Bingkuhl     • 

12-68 

51-70 

5-26 

80-37 

Kiihnert. 

€h«eoe    .     .     , 

901 

61-21 

5-00 

24-78 

Cologne       .     . 

5-49 

63-29 

4-98 

26-24 

■Begnault. 

Uanach  .     .     . 

2-19 

6604 

5-70 

86-07 

Laubach      .     • 

0-49 

57-28 

6-03 

86-10 

The  specific  gravity  of  the  different  varieties  of  brown  coal  varies, 
but  vithin  narrow  limits.  Eegnault  fotmd  the  specimens  of 
lignite  which  he  examined  to  possess  densities  of  from  I'lO,  to 
1-86.  The  earthy  lignites  analvsed  by  Kiihnert  weighed  from 
1-310  to  1-436,  whilst  the  several  varieties  tested  by  the  officers 
of  the  "Admiralty  Coals  Investigation"  had  specific  gravities 
varying  from  1*291  to  1321 :  hence  the  weight  of  a  cubic  foot  of 
lignite  will,  on  an  average,  be  about  75  pounds. 
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•f  Mineral  or  Pit  CoaL — This  substance  is  found  in  seams  of 
varying  thickness  in  the  carboniferous  and  secondair  formations, 
but  occurs  in  much  larger  quantities  than  any  of  the  before- 
mentioned  varieties  of  fuel. 

Although  at  the  present  day  of  such  vast  importance  to  the 
manufacturing  industry  of  this  and  other  countries,  its  employ- 
ment as  a  fuel  is  of  comparatively  recent  date.  Its  valuable  pro- 
perties appear  to  have  been  first  discovered  by  the  Chinese,  who, 
according  to  the  testimony  of  Marco  Polo,  have  from  remote  anti- 
quity been  acquainted  with  a  *^  black  stone,  which,  when  thrown 
on  tne  fire,  burns  like  woodw"  In  Europe,  the  employment  of  this 
combustible  arose  &om  the  gradual  decrease  in  the  supply  of  wood, 
and  in  the  year  1238  the  first  colliery  was  opened  on  the  high 
CTOunds  in  the  neighbourhood  of  Newcastle-on-Tyne.  This  was 
followed  in  1330  by  another  mine  near  Lanchester,  and  in  1500 
by  those  of  Gateshead,  Wickham,  Tynemouth,  and  many  others. 
Since  this  period  the  great  advances  made  in  every  department  of 
the  industrial  arts,  and  the  application  of  steam  as  a  motive  power, 
have  caused  a  rapidly  increasing  demand  for  fuel,  which  has  led  to 
a  diligent  search  for  tins  valuable  substance  in  almost  every  part 
of  the  civilised  world.  In  England  the  principal  coal  districts  are 
Northumberland,  Durham,  Yorkshire,  Cumberland,  Staffordshire, 
Lancashire,  and  Cheshire.  There  is  also  an  abundimce  of  this  fuel 
found  in  many  parts  of  Scotland,  in  North  and  South  Wales,  and 
in  some  parts  of  Ireland.  On  the  continent  of  Europe  the  supply 
is  comparatively  much  less  abundant  than  in  Englmd,  although 
considerable  quantities  are  annually  obtained  from  the  mines  of 
central  France,  Belgium,  Westphalia,  and  Upper  and  Lower 
Silesia.  Large  deposits  of  fossil  fuel  also  occur  in  the  United 
States  of  America,  m  Borneo,  and  on  the  Australian  continent. 

Veins  of  coal  are  worked  by  means  of  shafts  and  gaUeries 
in  the  same  wav  that  metallic  minerals  are  extracted  from  the 
lodes  in  which  they  are  found ;  but  as  the  seams  of  coal  are  gene- 
rally much  more  extensive  than  the  metallic  deposits,  and  much 
larger  masses  are  conse^uentl}^  removed  from  the  interior  of  the 
mines,  the  greatest  care  is  required,  not  only  to  prevent  the  crush- 
ing together  of  the  workings,  but  also  to  induce  a  current  of  air 
into  every  part  of  the  colliery  in  such  a  way  as  to  furnish  the 
workmen  with  firesh  air  for  the  purposes  of  respiration,  and  prevent 
the  accumulation  of  the  explosive  gases  which  frequently  issue 
from  beds  of  coal.  The  great  numoer  of  varieties  of  coal  has 
given  rise  to  distinctions  founded  partly  on  its  age  and  appear- 
ance, and  partly  on  its  quality. 

In  all  kmds  of  coal  the  stnicture  of  the  wood  firom  which  they 
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have  been  fonned  is  obliterated,  although  partial  impresBions  of 
plants  indicating  their  origin  frequently  occur.  Coals  generally  form 
a  more  or  lera  compact  mass  of  a  dark  Drown  or  black  colour,  some- 
times dull,  but  more  frequentl^r  possessing  a  vitreous  lustre,  which 
someiames  exhibits  a  decided  iridescence.  Their  specific  gravity 
is  cottuderably  above  that  of  wood,  and  their  structure  decidedly 
granukr.  They  are  always  distinctly  stratified,  and  have  gene- 
rally a  cleavage  at  right  angles  to  the  plane  of  deposition.  The 
different  laminffi  of  which  they  are  made  up  are  usually  in  dose 
contact  with  each  other,  but  are  sometimes  found  to  be  separated 
by  thin  layers  of  other  minerals,  such  as  iron  pyrites,  carbonate 
and  sdnhate  of  lime,  galena,  sulphate  of  baryta,  the  soda  salts, 
and  stiU  more  frequently  by  a  double  carbonate  of  lime  and  iron.^ 
The  fracture  of  the  shininff  kinds  of  coal  is  conchoidal,  and  that 
of  the  duller  varieties  hackly.  Common  coal,  and  particularly 
that  from  the  newer  formations,  is  observed  to  be  made  up  of 
layers  of  very  different  appearance :  the  one  kind,  which  is  black 
and  shining,  and  has  a  conchoidal  fracture,  is  rich  in  carbon ; 
whilst  the  duller  variety,  which  is  of  a  brown  colour,  contains  a 
smaller  amount  of  that  element,  and  has  a  soft  velvety  structure. 

When  coal  is  compact,  and  has  a  resinous  lustre,  it  is  called 
pitch  coal;  tliat  which  has  a  cubical  fracture  is  called  cubical  coal; 
if  it  agglomerates  by  heat,  and  partially  melts  on  the  fire,  it  is 
named  caking  coal;  and  when  it  can  be  easily  split  into  thin  leaves 
parallel  to  the  lines  of  deposition,  it  is  known  by  the  name  of 
^te  or  splint  coaL  On  extracting  coals  from  the  pit,  and  leaving 
them  exposed  to  a  dry  atmosphere,  they  lose  a  portion  of  the 
moisture  with  which  they  are  more  or  less  saturated  on  leaving 
the  mine,  but  still  retain  a  certain  amount,  varying  from  1  to  12  per 
cent.,  according  to  their  mechanical  structure.  The  followmg 
table,  extracted  from  the  Third  Official  Eeport  on  the  Coals  suited 
to  the  Steam  Navy,  shows  the  per-centa^e  composition  of  several 
varieties  of  British  coals,  together  with  their  specific  gravities, 
and  the  amount  of  ash  and  coke  yielded  by  each.  (See  Table, 
page  134-135.) 

The  results  obtained  by  Segnault  and  Karsten  from  several 
varieties  of  foreign  coals,  are  given  in  page  136. 

1  See  Second  Beport  on  the  Coale  Bnited  to  the  Steam  Navy. 
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Description  of 

Carbon. 

Hydrogen. 

Oxygen 
and 

Afih. 

Density. 

Observers. 

Nitrogen. 

Alias,   Dep.   du 

Gard    .    .    . 

89-27 

4-86 

4-47 

1*41 

1-822 

"^ 

BiTe  de  Qier— 

Grand  Croix  . 

87-46 

5-14 

6-68 

1-78 

1-298 

FlenAfromMons 

84,-67 

6-29 

7-94 

2-10 

1-276 

J>ecaiermeJ>ep, 

Aveyron    .    . 

8212 

6-27 

7-48 

618 

1-284 

Bpinao     .    .    . 

8712 

6-10 

11-26 

2-53 

1-353 

Commontry  .    . 

88-72 

6-29 

11-76 

0-24 

1-319 

Blanay      .    .    . 

76-48 

6-23 

16-01 

0-28 

1-362 

Begnanlt. 

Obenudrchen 

Schjrambnrg  . 

89*50 

4-83 

4-67 

1-00 

1-279 

06pay)ep.  Avey- 

ron .... 

75-38 

4-74 

9-02 

11-86 

1-294 

Keroi  .... 

63-28 

4-36 

13-17 

19-20 

1-410 

Saint-Qirons 

72  94 

6-46 

17-53 

408 

1-316 

Saint- Colombo 

75-41 

6-69 

17-91 

0-89 

1-306    J                 1 

Leopoldmen- 

L 

grube,  Silesia. 

73-88 

2-76 

2-47 

31-89 

-     1              1 

Konigsgrube, 

Upper  Silesia. 

78-39 

321 

17-77 

0-60 

1-286 

.Eant«n. 

Salzer  &  Keuak, 

Westphalia    . 

88-68 

3-21 

811 

0-70 

1-288 

Hundsnak     .    . 

9602 

3-20 

6-45 

0*60 

1-338  1 

- 

The  composition  of  the  ashes  of  a  coal  is  in  a  great  measure 
influenced  oy  the  nature  of  the  rock  in  the  vicinity  of  the  seam 
from  which  it  is  extracted,  as,  besides  containing  the  inorganic 
elements  oririnaUy  forming  part  of  the  plants,  by  the  decomposi- 
tion of  whidi  the  coal  has  been  produced,  they  wUl  also  to  a 
certain  dee^ree  consist  of  earthy  particles,  deposited  in  the  pores 
of  the  coal  by  the  infiltration  of  water  from  the  oyerlyin^  strata. 

From  the  analysis  of  the  ashes  of  seven  varieties  of  British  coals, 
I  have  obtained  the  results  here  given  in  a  tabular  form : — 


Name  of  Coal  from  which 

u 

o 

1 

1^* 

i^ 

^ 

the  Ash  was  obtained. 

^  i 

^ 

1^ 

f 

P^ 

^ 

Pontypool    . 

4000 

44-78 

1200 

trace 

222 

0-76 

99-75 

Bedwas 

26-87 

56-95 

510 

1-19 

7-23 

0-74 

98-08 

Porthmawr  Book  Vejn. 

34-21 

5200 

6199 

0-659 

4-12 

0-633 

97-821 

Ebbw  Vale  . 

5300 

35-01 

3-94 

2-20 

4-89 

0-88 

99-92 

Fordel  Splint 
Elgin  Wallsend   . 
C^eshiU      . 

87-60 

5200 

3-73 

1-10 

4-14 

088 

99-45 

61-66 

24-42 

2-62 

1-73 

8-38 

1-18 

99*99 

69-27 

2909 

6-02 

1'35 

3-84 

0-40 

99.97  1 

Besides  the  aboy^  substances,  traces  of  Chlorine  were  detected  in  most  of  the 
specimens  examined. 
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AmOumaUf  wliich  is  the  oldest  of  all  kinds  of  fossil  fuel,  is 
chiefij  found  in  the  transition  formations.  Its  structure  is  per- 
fecthr  homogenous,  its  fracture  conchoidal,  and  its  colour  a  jet 
black,  with  a  vitreous  lustre,  which  frequently  displays  a  powenul 
plar  of  colours. 

The  results  obtained  by  various  chemists  from  analysis  of  speci- 
mens of  this  substance  are  given  below. 


Locality  of 
Anthracite. 

Carbon. 

Hydrogen. 

Oxygen 

and 

Nitrogen. 

Aflh. 

Specific 
Gravity. 

America  .    . 

90*46 

2-43 

2*46 

4-67 

1*462'' 

Boldiic,nearAiT- 

la-ChapeUd  . 

91*98 

8-92 

816 

0-94 

1-367  • 

Begnanlt. 

MiTO,    BiBcon- 

niere    . 

91-46 

418 

2*12 

2-26 

1-343^ 

SaUe,  Dep.  de 

la  Sarthe      . 

87-22 

2-49 

8-89 

6-90 

1*751  ^ 

Vialle,  Dep.  de 

I 

ris^ 

94-09 

1-86 

2-86 

1-90 

1*730  C 

Jaquelin. 

l8^ 

9400 

1-49 

3-58 

400      1-650 ; 

Lla]]guicke,Gla- 

1 

.      morganshire . 

91*44 

384 

3*68 

1-62  '   1*375 

Wright- 

Sheraj^aghjlie- 

son. 

1      land      .        . 

1 

80-08 

2-80 

■■■" 

—        1-690 

H.  How. 

EflRcetfl  ef  Heat  9n  Fuel. — Since  all  the  various   substances 
employed    for    the    purposes    of   friel    are    of   organic    origin, 
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it  follows  that  the]^  are  more  or  less  prone  to  decomposition. 
Chemical  combinations  are  stable  within  certain  limits  of 
temperature  only,  and  when  these  points  are  passed,  a  series  of 
compounds  is  produced  by  fresh  groupings  of  the  various  elements 
of  wnich  the  original  substance  was  composed.  When  a  substance 
such  as  wood  is  strongly  heated,  the  arran£;ement  of  its  elements 
is  broken  up,  and  new  compounds  are  produced,  capable  of  exist- 
ing at  the  nigher  temperature  at  which  they  are  formed.  The 
nature  of  these  products  will  in  a  great  measure  depend  on  the 
degree  of  heat  which  has  been  employed,  as  those  obtained  at  one 
temperature  will  materially  differ,  both  in  quantity  and  com- 
position, fix)m  those  which  are  formed  at  another. 

The  results  will  moreover  be  essentially  dilBTerent,  according  as 
air  is  excluded  from  or  admitted  into  the  apparatus  in  which  the 
heating  takes  place.  When  air  is  admitted,  the  products  at  first 
formea  are  immediately  subjected  to  the  powerful  chemical  action 


Digitized  by  LjOOQIC 


138  pinsL. 

of  the  oxygen  which  it  contains,  and  which  combines  with  their 
elements  to  form  new  bodies,  and  combustion  results  as  a  secondary 
process. 

If,  on  the  contrary,  the  decomposition  is  effected  by  heat  alone, 
with  the  exclusion  of  atmospheric  air,  the  process  is  mown  by  the 
name  of  dry  distillation,  and  affords  the  means  of  collecting  and 
studying  the  various  products  obtained  at  more  or  less  elevated 
temperatures.  This  operation  is  of  the  greatest  importance,  not 
only  firom  its  occurring  in  all  cases  where  a  body  is  burnt,  but 
also  as  affording  the  means  of  modifying  various  fuels,  so  as  to 
adapt  them  to  the  particular  circumstances  under  which  they  are 
to  DC  employed.  When  a  piece  of  wood  or  coal  is  strongly 
heated,  its  elements  so  arrange  themselves  as  to  give  rise  to 
gaseous  compounds,  and  these  escaping  at  an  elevated  temperature, 
ignite  and  produce  flame.  This  combustion  affords  sufficient  heat 
to  cause  the  non-volatile  portion,  or  carbon  of  the  fuel,  to  combine 
with  the  oxygen  of  the  air,  which  in  its  turn  produces  a  fresh 
supply  of  gas  from  that  portion  of  the  mass  with  which  it  is  in 
most  immediate  contact.  In  this  way  the  combustion  is  sup- 
ported until  the  substance  is  entirely  consumed,  as  the  heat 
evolved  by  the  combustion  of  the  carbon  on  the  outer  surface  of 
the  mass  causes  the  dry  distillation  of  the  inner  portions  witli 
which  it  is  in  contact,  whilst  the  gases  thus  evolved  tend  to 
facilitate  the  union  of  the  carbon  of  the  outer  surfaces  with  the 
oxygen  of  the  air. 

When  the  elements  of  which  a  fuel  is  composed  are,  by  the  aid 
of  heat,  forced  to  abandon  their  state  of  equilibrium,  the  nature  of 
the  new  products  obtained  will  be  to  a  certain  extent  influenced 
by  three  different  causes. 

Istly.  By  the  temperature  by  which  the  decompositions  have 
been  effected. 

2ndly.  By  the  degree  of  chemical  affinity  which  exists  amongst 
the  various  elements. 

3rdlv.  By  their  relative  degrees  of  volatility. 

Hydrogen  and  oxygen  are  both  volatile  bodies,  whilst  carbon, 
on  the  contrary,  is  perfectly  fixed,  and  therefore  the  two  former 
will  constantly  have  a  tendency  to  separate  from  the  latter,  and 
pass  off  in  the  form  of  gas.  Here,  however,  chemical  affinity 
comes  into  play,  and  causes  them  to  unite  with  each  other  and 
form  new  compounds,  or  to  combine  either  singly  or  together  with 
carbon,  a  portion  of  which  is  thereby  made  to  assume  the  gaseous 
form.  The  most  simple  and  stable  compound  of  hydrogen  and 
oxygen  is  water,  whilst  the  excess  of  hydro^n  which  exists  in  all 
fuels  takes  up  a  portion  of  the  carbon,  with  the  production  of 
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light  carburetted  hydrogen  or  olefiant  gas,  and  the  united  action 
of  these  continually  tends  to  the  formation  of  a  series  of  ternary 
compounds,  the  nature  of  which  will  in  a  great  measure  depend 
on  the  temperatures  at  which  they  are  formed,  as  those  will  be 
constantly  produced  which  are  most  stable  at  the  various  degrees 
of  heat  attained.  The  rapid  chemical  action  incident  on  the  pro- 
duction of  these  varied  compounds,  necessarily  produces  a  fur- 
ther elevation  of  temperature,  and  the  consequent  formation  of 
new  groups. 

The  number  of  compounds  which  can  be  thus  obtained  is 
extremely  great,  and  appears  to  be  only  limited  by  the  number  of 
combinations,  binary  and  ternary,  which  are  mathematically  pos- 
sible for  every  amount  of  temperature.  Besides  these  various 
gaseous  products,  the  dry  distillation  of  fuels  affords  acetic  acid, 
pyroxylic  or  wood  spirit,  and  tar,  together  with  a  great  number  of 
other  substances,  such  as  paraffin,  picamar,  pitacall,  creosote,  and 
naphthaline^  &c.,  which  are  of  less  practical  importance. 

The  greater  the  proportion  of  hydrogen  contained  in  a  fuel, 
and  the  less  the  Quantity  of  oxygen,  the  more  numerous  are 
the  combinations  of  carbon  produced,  but  in  no  substance  are 
these  sufficient  in  amount  to  combine  with  the  whole  of  the 
carbon  present,  a  j)ortion  of  which  invariably  remains  in  the  solid 
form  in  the  vessel  in  which  the  distillation  has  been  effected. 

The  charcoal  produced  from  wood,  brown  coal,  and  turf,  always 
retains  the  form  of  the  original  fragment  before  it  was  subjected 
to  the  action  of  heat ;  and  in  the  case  of  the  former,  its  mechanical 
structure  is  so  completeljr  preserved  that  the  year-rings  and  cells 
may  be  perfectly  distin^sned,  and  the  kind  of  wood  from  which 
it  was  made  ascertained. 

Goal  having  a  different  elementary  constitution,  is  differently 
affected  by  the  action  of  heat. 

Some  varieties  of  coal,  on  being  heated,  undergo  a  kind  of 
fusion^  and  yield  a  spongy  residue  or  coke  of  a  totally  different 
structure  from  the  coal  from  which  it  was  produced.  When  small 
fragments  of  this  kind  of  coal  are  subjected  to  the  action  of  heat, 
they  soften  and  adhere  to  each  other,  so  as  to  form  one  mass,  and 
from  this  property  they  have  received  the  name  of  caking  coals. 

Coals  whicn,  by  dry  distillation,  leave  a  coke  retaining  to  a 
certain  degree  traces  of  its  original  structure,  yet  still  having  the 
property  of  caking  on  the  fire,  although  in  a  less  degree,  are 
called  sinter  coal, 

A  third  variety,  which  does  not  cake  on  the  fire,  and  of  which 
the  finer  frngments,  when  converted  into  coke,  do  not  agglomerate, 
is  called  sanS  eoaf,  and  chiefly  used  for  furnace  purposes. 
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From  the  large  amount  of  water  contained  in  most  varieties  of 
fuel,  as  well  as  fix)m  the  oxygen  which  enters  into  their  consti- 
tution, it  is  evident  that,  when  burnt,  a  portion  of  the  heat 
evolved  must  be  rendered  unavailable,  as  the  water  present  will 
not  only  carry  off  by  its  evaporation  a  part  of  the  heat  pro- 
duced, but  the  union  of  the  hy<Lrogen  and  oxygen,  forming  part  of 
the  fiiel  itself,  will  give  rise  to  another  portion  of  water,  wnich  will 
have  to  be  evaporated  at  the  expense  of  a  further  sacrifice  of 
heat. 

In  order,  therefore,  to  obtain  a  larger  amount  of  combustiUe 
matter  in  a  given  bulk  of  ^el,  it  has  long  been  the  custom  to  expel 
the  aqueous  and  e^aseous  portions  of  such  as  are  required  to  afford 
an  intense  heat,  before  applying  them  to  the  uses  for  which  they 
are  intended.  This  is  the  object  of  charring  wood,  or  converting 
it  into  charcoal,  which  has  smce  been  extended  to  peat,  lignite, 
and  coal,  in  which  latter  case  the  process  is  called  coking,  and  the 
resulting  product  is  known  by  the  name  of  coke.  By  this  means, 
the  different  kinds  of  natural  fuels  are  made  to  afford  a  series  of 
artificial  ones  respectively  richer  in  their  heating  properties  than 
the  substances  from  which  they  are  derived ;  and  their  economical 
preparation,  therefore,  becomes  a  subject  of  great  importance,  not 
only  to  the  metallurgist,  but  to  all  manufacturers  who  require  the 
aid  of  an  elevated  temperature. 

Manufacture  of  CharcoaL — ^If  we  ignite  a  small  splinter  of 
wood,  and  closely  examine  the  way  in  which  it  bums  when  the 
lighted  end  is  held  downwards,  two  distinct  periods  will  be  ob- 
served. When  the  flame  has  become  weak,  from  the  volatile  and 
combustible  products  having  ceased  to  be  evolved,  except  in 
very  small  quantities,  it  is  observed  to  gradually  die  out,  and 
nothing  will  remain  but  the  feeble  glimmering  produced  by  the 
slow  combustion  of  the  remaining  charcoal,  which,  not  affording; 
sufficient  heat  to  admit  of  the  combination  of  the  carbon  with 
the  oxygen  of  the  air,  soon  ceases.  If,  as  soon  as  the  flame  is 
extinguished,  the  chip  be  placed  in  a  close  vessel,  such  as  a  test- 
tube  stopped  hj  the  finger,  it  will,  from  want  of  air,  be  quickly 
extinguished,  without  any  of  the  glimmering  before  noticed;  and^ 
if  a  piece  of  wood  be  at  once  heated  in  a  close  vessel,  so  as  to 
completely  char  it  without  first  producing  ignition,  the  volatile 
matters  are  driven  off,  and  charcoal  produced  without  loss  from 
the  action  of  the  air.  In  the  ordinary  methods  of  preparing 
charcoal  on  a  lar^e  scale,  both  these  principles  are  in  a  manner 
involved,  as  in  this  case  a  portion  of  the  wood  is  consumed  in 
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order  to  raise  tbe  temperature  sufficiently  to  drive  off  the  volatile 
constituents  of  that  which  remains,  whilst  the  combustible  products 
of  distillation  are  invariably  more  or  less  perfectly  cons\imed. 
Less  frequently  the  coking  is  effected  in  large  ovens  or  retorts, 
and  in  that  case  the  second  principle  only  comes  into  play. 

Whichever  of  these  contrivances  be  employed,  it  is,  however, 
essential  that  sufficient  time  be  allowed  for  all  the  hydrogen  to 
combine  with  the  oxvgen  so  as  to  form  water,  without  which  these 
gases  unite  with,  and  render  volatile,  a  portion  of  the  carbon,  and 
thereby  diminish  the  amount  of  coke  produced.  Karsten,  who  has 
carefuUy  examined  this  subject,  obtained  the  following  results, 
from  which  the  advantage  of  the  slow  over  the  quick  method  of 
charring  becomes  apparent. 


Species  of  Wood  employed. 


Per-oentage  Amount  of  Per-oentage  Amount  of 

Charcoal  obtained  by    Charooal  obtained  by 

Quick  Method  of     |      Slow  Method  of 

Charring.  Charring. 


Young  Oak 

Old  do 

Young  Hed  Beech      .    . 

Old  do 

Young  White  Beech  .     . 

Old  do 

Young  Alder     .... 

Old  do 

Young  Birch     .... 

Old  do 

Birch  100  years  old    .     . 
Young  Deal,  P.  picea  D. 

Old  do 

Young  Fir,  P.  Abies  D.  . 

Old  do 

Young  Pine,  P.  sylvestris 

Old  do 

lime-tree 


16-54 

25-60 

15-91 

25-71 

14-87 

25-87 

1415 

26-15 

1312 

25  22 

13-65 

26-45 

14-45 

25-65 

15-30 

25-66 

13-05 

25-05 

12-20 

24-70 

12-15 

25-10 

14-25 

25-25 

14-05 

25-00 

16-22 

27-72 

15-35 

24-75 

15-52 

26-07 

13-75 

25-95 

13-80 

24-60 

The  best  method  of  ascertaining  the  quantity  of  charcoal  yielded 
by  the  various  kinds  of  wood  is  to  place  a  weighed  fragment  of  the 
wood  in  a  crucible  filled  with  saw-dust  or  charcoal  dust,  and  having 
placed  it  in  an  assay  furnace,  the  heat  should  be  gradually  raised 
to  redness,  at  which  temperature  it  is  kept  for  about  a  quarter  of 
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an  hour,  when  the  crucible  must  be  withdrawn  from  the  fire,  and 
allowed  to  cool  previous  to  being  opened.  Fine  sand  may  also  be 
employed  instead  of  saw-dust  for  the  purpose  of  excluding  the  air 
from  the  wood.  When  the  crucible  has  sufficiently  cooled,  the 
charcoal  is  withdrawn  and  weighed.  This  experiment  should  be 
repeated  at  least  twice  on  each  variety  of  wood,  for  the  purpose  of 
avoiding  error. 

Preparation  of  Charcoal  in  Mellers  or  Mounds. — The  charcoal- 
burner  selects  for  this  purpose  a  dry  locality,  sheltered,  on  at  least 
one  of  its  sides,  either  by  a  hill  or  a  portion  of  the  uncut  forest ; 
since,  if  the  heaps  were  constructed  in  an  exposed  situation,  it 
would  be  extremely  difficult  to  prevent  their  being  so  acted  on  by 
the  wind  as  to  cause  an  uneqiial  charring  of  the  wood.  When  a 
proper  situation  has  been  chosen,  and  which,  to  prevent  the 
expense  of  carriage,  should  not  be  far  removed  from  the  place 
where  the  wood  is  felled,  a  circular  piece  of  ground  of  the  diameter 
of  the  intended  mound  is  marked  out.  If  the  soil  be  sandy  and 
dry,  this  is  done  by  merely  cutting  around  it  a  shallow  drain,  for 
the  purpose  of  carrjdng  off  the  rain  water  which  may  fall  during 
the  process  of  carbonization ;  but  should  there  be  anv  reason  for 
suspecting  the  dryness  of  the  soil,  the  surface  is  slightly  raised  by 
a  covering  of  smngle,  logs  of  wood,  or  the  smaller  branches  of 
trees.  The  next  operation  is  to  cover  the  surface  with  the  charcoal- 
dust  or  breeze  obtained  from  a  preceding  operation,  or,  in  de&ult 
of  this,  a  strew  of  leaves  is  sometimes  employed.  A  long  post  or 
quandel  is  now  driven  into  the  ground  in  the  centre  of  the  circle, 
and  it  should  be  of  such  a  length  that  its  upper  extremity  may 
remain  a  little  above  the  top  of  the  intended  mound.  Around 
this,  the  wood,  which  has  previously  been  cut  into  proper  lengths, 
is  piled,  as  shown  in  fig.  81.     The  greatest  care  is  taken  to  avoid 

large  cavities  between  the  bil- 
lets ;  and,  for  this  reason,  those 
situated  immediately  around  the 
quandel  should  be  made  by 
splitting  the  larger  branches ; 
in  making  the  moimd  their  thin- 
ner edges  are  placed  towards  the 
central  post. 

The  more  slantingly  the  billets 
are    placed  against   this  post, 
the  greater  will  be   the   space 
gj^  between  them;   and,  therefore, 

the  more  steeply  they  can  be 
piled  consistently  with  the  stabilitv  of  the  mass  and  tne  reten- 
tion of  the  external  covering,  the  better  will  it  be  for  the  sub- 
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sequent  results.  It  is  also  evident  that,  when  logs  are  piled 
horizontallj  in  concentric  circles  radiating  fi*om  the  centre, 
considerable  spaces  must  be  produced  by  the  divergence  of  the 
outer  ends  of  tne  billets  forming  the  various  rings ;  and,  therefore, 
a  combioation  of  the  two  methods,  as  shown  in  the  figure,  is 
frequently  adopted.  All  unavoidable  spaces  resulting  from  the 
crookedness  of  the  branches  or  their  radiation  must  be  carefrdly 
filled  up  with  small  fragments  of  wood ;  and  when  the  surface  has 
been  thus  made  even,  and  the  top  or  cap  has  been  properly  rounded 
by  the  addition  of  refuse  wood,  the  meiler  is  provided  with  its 
moveable  covering.  This  consists  of  turf,  which  is  placed  on  the 
heap  -vs-ith  the  grassy  side  inwards,  and  beaten  all  over  with  a 
shovel,  to  make  it  He  closely  on  its  surface.  This  is  again  covered 
either  with  damp  breeze  or  saud,  and  the  whole  pressed  down  for 
the  purpose  of  giving  it  solidity.  The  covering  does  not,  how- 
ever, extend  to  the  foot  of  the  pile,  but  is  supported  at  a  few 
inches  fix>m  the  bottom  by  tvngs  held  in  their  places  by  forks,  so 
as  to  form  hoops  around  the  lower  part  of  the  meiler.  This  open 
part  at  the  base  of  the  mound  is  for  the  purpose  of  allowing  the 
escape  of  the  aqueous  vapours  generated  during  the  first  stage 
of  the  operation,  since  no  opening  is  allowed  at  the  upper  part 
of  the  pde,  as  it  would  tend  to  cause  a  draught,  and  consume 
a  portion  of  the  wood  to  be  charred. 

The  dimensions  of  the  mounds  depend  on  circumstances  inci- 
dent to  the  neighboiu'hood  in  which  tne  charring  takes  place,  but 
should  in  no  case  be  so  considerable  as  not  to  admit  of  a  good 
regulation  of  the  heat.  Heaps  of  only  10  feet  in  diameter  are 
sometimes  met  with,  but  these  are,  generally  speaking,  incon- 
veniently small,  and  mounds  of  from  30  to  40  feet  across  the  base 
are,  therefore,  more  frequently  preferred,  although  in  some  locali- 
ties meilers  of  even  60  feet  in  diameter  are  occasionally  employed. 

In  arranging  the  billets  around  the  central  stake,  care  is  taken 
to  leave  at  bottom  a  small  channel  from  it  to  the  exterior  part  of 
the  heap,  and  hj  means  of  this  the  fire  is  communicated  to  the 
pile,  wnen  it  is  finished,  and  the  external  covering  has  been 
well  pressed  down.  Sometimes,  instead  of  leaving  this  opening, 
the  quandel  itself  is  composed  of  three  pieces  of  cleft  wood  so 
arranged  and  tied  together  with  bands  of  green  branches  as  to 
form  a  kind  of  chimney  by  which  the  fire  may  be  communicated  ; 
and  in  this  case  the  horizontal  passages  become  unnecessary. 

"When  the  mound  is  completed,  and  the  covering  securely  packed 
down,  fire  is  communicated  to  the  centre  of  the  mass  eitner  by 
throwing  lighted  coals  down  the  vertical  chimney,  or  intro- 
ducing them  by  the  horizontal  gallery.  For  the  purpose  of 
facilitating  the  iguition,  the  wood  placed  immediately  around  the 
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stake  conaista  of  the  half-bumt  charcoal, "  charbon  rom,"  resulting 
from  a  preceding  operation,  and  which  is  picked  out  for  that 
purpose  as  being  more  combustible  than  the  ordinary  wood  of 
which  the  other  part^  of  the  meiler  are  composed.  When  the 
heap  has  been  i^ited,  the  hole  hj  which  the  fire  is  introduced  is 
tightly  closed  with  turf  and  sand,  or  breeze ;  and  the  first  period, 
cfuled  the  sweating,  during  which  the  moisture  is  expelled  from  the 
wood,  commences. 

At  this  stage  the  greatest  attention  is  necessary  to  prevent  the 
explosion  of  the  heap,  either  from  the  too  rapid  generation  of 
vapour,  or  from  the  ignition  of  a  mixture  of  atmospheric  air  with 
the  inflammable  gases  produced  by  the  dry  distillation  of  wood. 
During  the  whole  of  the  sweating  process,  large  quantities  of 
yellowish-grey  smoke  escape,  particularly  from  the  uncovered  space 
at  the  base  of  the  mound,  and  the  interior  of  the  covering  becomes 
moist  from  the  condensation  of  a  portion  of  the  aqueous  vapour 
expelled  from  the  wood  by  the  action  of  heat.  When  the  colour 
of  the  smoke  issuing  from  the  mound  has  been  observed  to  change 
to  a  light  grey,  without  any  remains  of  the  yellow  tint  before 
mentioned,  the  burner  hastens  to  close  the  open  space  at  the  base 
and  the  charring  period  commences. 

The  covering  of  the  meiler  now  requires  to  be  thoroughly 
repaired,  as  the  dry  wood  in  the  vicinity  of  the  quandel  will  have 
become  partially  consumed,  and  have  caused  a  sinking  of  the  top 
or  cap  of  the  heap.  The  upper  part  of  the  covering  is,  therefore, 
rapidly  removed,  the  charred  wood  forced  down  by  means  of  a 
long  pole  into  a  compact  mass,  and  the  cavity  thus  made  imme- 
diately filled  up  with  fresh  logs.  The  covering  is  now,  with  as 
great  expedition  as  possible,  replaced,  and  any  crevices  which  may 
have  occurred  in  it  from  the  sinking  of  any  part  of  the  mound  are 
stopped  without  delay,  as  they  would  otherwise,  by  admitting 
atmospheric  air,  cause  the  combustion  of  a  part  of  the  wood.  The 
meiler  is  now  left  to  itself  for  several  days,  except  that  small  holes 
are  from  time  to  time  made  in  that  portion  of  the  covering  which 
is  nearest  the  ground.  This  is  done  Doth  for  the  purpose  of  allow- 
ing the  escape  of  the  tarry  vapours,  and  also  to  admit  the  requisite 
amount  of  air,  although  the  porosity  of  the  covering  of  turf  and 
breeze  constantly  aids  in  producing  these  results. 

The  dimensions  of  the  heap  have  at  this  stage  become  conside- 
rably reduced,  and  care  must  be  taken  to  observe  whether  it  has 
equally  diminished  in  all  its  parts,  or  whether  some  parts  of  its 
surface  have  sunk,  whilst  others  are  in  their  original  condition, 
and  thereby  give  an  irregularity  of  outline  to  the  meiler. 

If  such  be  the  case,  the  charring  has  been  badly  conducted 
This  may  to  a  certain  degree  be'  obviated,  either  by  covering  the 
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sunken  and  more  perfectly  carbonised  parts  with  an  additional 
layer  of  turf,  or,  by  means  of  an  aperture  made  in  the  raised 
portions,  the  draught  may  be  increased  in  that  direction. 

Towards  the  end  of  the  process,  and  when  the  wood  in  the 
interior  of  the  mound  has  become  perfectly  carbonised,  it  will  be 
found  necessary  to  adopt  means  to  effect  the  charring  of  those 
portions  which  are  in  immediate  contact  with  the  moveable 
covering. 

In  this  direction  the  wood  is  so  cooled  by  radiation  and  by  the 
condensation  of  aqueous  vapours  which  issue  from  it,  as  to  escape 
carbonisation ;  and  the  workmen,  therefore,  accelerate  the  draught 
in  this  part  of  the  heap  by  making  a  second  series  of  holes  in  the 
covering,  above  those  which  have  been  before  described,  but  at  a 
greater  distance  from  each  other.  These  are  allowed  to  remain 
open  until  the  smoke  that  issues  from  them  is  seen  by  its  colour 
to  be  fi«e  from  watery  vapour ;  and,  when  this  period  has  arrived, 
they  are  closed,  in  order  to  give  place  to  others  which  are  made  at 
a  short  distance  below  them.  Holes  are  never  made  for  this 
purpose  in  the  higher  part  or  crown  of  the  pile,  as  the  draught  is 
naturally  in  that  direction ;  but  in  very  large  mounds,  three,  or 
even  four,  successive  series  of  openings  are  not  unfrequently  made 
at  different  heights  above  the  surface  of  the  ground. 

The  time  necessary  for  the  operation  chiefly  depends  on  the 
size  of  the  meiler.  Small  mounds  are  generally  carbonised  in  from 
six  to  fourteen  days ;  but  if  the  diameter  of  the  heap  be  more  than 
thirty  feet,  at  least  a  month  is  required  for  its  completion. 

If  at  the  termination  of  the  process  the  covering  were  removed, 
and  the  heap  broken  up  whilst  still  hot,  the  access  of  atmospheric 
air  would  cause  the  charcoal  to  ignite,  and  the  whole  would  be 
consumed.  If,  on  the  contrary,  the  covering  were  allowed  to 
remain  imdisturbed  until  the  mass  had  cooled  down,  so  as  to 
admit  of  its  being  removed  without  danger,  much  time  would  be 
thereby  lost ;  and  the  charcoal  is  therefore  withdrawn  in  small 
quantities,  and  with  suitable  precautions.  In  order  to  do  this,  the 
burner  lays  bare  a  space  of  two  or  three  feet  at  the  bottom  of  the 
mound,  and,  with  an  iron  crook  fitted  to  a  wooden  handle,  with- 
draws, one  by  one,  the  logs  of  charcoal  These,  which  are  red  hot 
when  drawn  out,  are  either  extinguished  with  water  or  by  being 
buried  in  damp  breeze ;  and  as  soon  as  the  air  begins  to  act  too 
strongly  on  the  exposed  part  of  the  heap,  the  opening  is  closed, 
and  another  made  in  a  different  part  of  the  mound.  This  opera- 
tion, which  is  repeated  until  the  whole  has  been  removed  and 
extinguished,  is  best  performed  at  night,  as  the  slightest  spark  is 
then  visible,  and  the  chance  of  loss  from  the  subsequent  ignition 
of  the  charcoal  is  thereby  reduced. 
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In  some  parts  of  the  Continent,  and  particularly  in  Wienerwald, 
another  arrangement  is  employed  for  tne  preparation  of  charcoal. 
This  process  is  known  by  tne  name  of  carbonisation  in  heaps  or 
piles,  and  is  said  to  yield  charcoal  of  a  better  quality  than  that 
obtained  from  the  ordinary  meiler  operation.  For  this  purpose  the 
logs  are  laid  together  in  the  form  of  a  narrow  wedge,  as  shown  in  fig. 
82,  of  which  the  breadth  is  regulated  by  the  length  of  the  logs ;  its 


82. 

length  varies  from  20  to  30  feet.  The  thick  end,  which  is  furthest 
from  that  at  which  the  fire  is  communicated,  is  from  seven  to  nine 
feet  in  height,  whilst  the  thin  end  is  only  about  two  feet  above  the 
level  of  the  soil.  In  the  erection  of  a  heap  of  this  kind,  the 
burner  commences  by  driving  stakes  a  a,  all  round  the  parallelogram 
in  which  the  logs  are  to  be  placed.  These  posts  must  project 
from  the  8ur£eu;e  so  as  to  be  of  the  same  height  as  the  pile  is 
intended  to  be  at  the  point  at  which  they  are  driven ;  ana  their 
outline,  therefore,  in  every  respect  corresponds  with  the  form  of 
thepile  itself. 

These  stakes  are  so  placed  as  to  leave  a  small  space  all  round 
the  wedge-shaped  heap  of  logs  which  are  piled  within  the  enclosiire. 
The  billets  used  are  usually  eight  feet  m  length ;  and,  therefore, 
in  order  to  allow  a  space  of  six  inches  between  their  ends  and 
the  sides  of  the  enclosure,  the  latter  is  made  seven  feet  in  width. 
The  opening  thus  left  between  the  ends  of  the  wood  and  stakes 
is  for  the  purpose  of  receiving  the  covering,  which,  on  account 
of  the  perpendicular  sides,  could  not  otherwise  be  kept  in  its  place. 

Boards  or  pieces  of  cleft  wood  are  now  applied  against  the  inside 
of  the  posts,  and  wet  charcoal  powder  or  breeze  is  stamped  down 
between  them  and  the  logs  until  the  interval  is  entirely  filled  up. 
When  this  is  done,  the  roof  receives  a  triple  covering  of  twigs, 
leaves,  and,  lastly,  charcoal  powder,  which  is  moistened  with  water 
and  well  beaten  down.  In  each  of  the  long  sides  of  the  heap  a 
series  of  holes  is  made  in  the  boarding,  but  these  do  not  penetrate 
through  the  charcoal  coating ;  and  in  the  lower  end  a  larger  one,  by 
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is  left  for  the  purpose  of  igniting  the  logs,  which  is  effected  by 
first  filling  the  aperture  with  shavings  or  diy  wood,  and  then 
throwing  some  red-hot  coals  between  the  front  posts  and  the  pile 
of  wood. 

When  the  fire  has  fSurlv  taken  hold  of  the  wood  the  aperture  is 
closed,  and  other  holes,  ot  about  three  or  four  inches  in  diameter, 
are  made  at  a  height  of  about  fifteen  inches  from  the  ground,  in 
the  same  end  of  the  heap.  As  soon  as  the  smoke  issuing  from 
these  assumes  a  clear  blue  colour,  they  are  stopped,  and  others 
made  higher  up  in  the  pile,  which  are  in  their  turn  closed  as  soon 
as  the  fire  has  sufficiently  advanced  towards  them.  By  this 
arrangement  the  wood  in  the  front  of  the  pile  is  undergoing  the 
charring  process,  whilst  that  placed  behind  is  merely  losing  its 
volatile  ingredients.  When  the  operation  is  drawing  to  a  close,  it 
is  found  necessary  to  open  a  series  of  holes  in  the  sides  of  the  heap 
just  above  the  level  of  the  soil,  as  by  this  means  the  charring  of 
the  lower  logs  which  constitute  the  bottom  of  the  pile  is  effected. 
Th^e,  from  their  proximitv  to  the  ground,  and  the  dampness 
deposited  by  the  sweating  of'^the  wood,  would  otherwise  remain  as 
imperfectly  charred  billets ;  and,  therefore,  to  prevent  this,  a  series 
of  noles  is  (when  the  heap  is  first  constructed)  cut  in  the  plank- 
ing forming  the  sides.  During  the  early  part  of  the  ope- 
ration these  are  closed  by  the  breeze,  which  is  closely  packed 
between  the  boarding  and  the  wood  to  be  charred ;  but  when  the 
fire  is  required  to  descend  to  the  bottom  of  the  heap,  the  draught 
is  made  to  pass  in  that  direction  by  removing  the  damp  charcoal- 
dnst  from  the  apertures  left  in  the  planking.  As  soon  as  the  logs 
in  the  fivnt  of  the  pile  have  become  perfectly  charred  they  are 
removed,  and,  being  thus  withdrawn  from  the  action  of  heat  at  the 
moment  the  operation  is  finished,  they  not  only  yield  a  larger 
amount  of  charcoal,  but  that  produced  is  also  of  better  quality 
than  that  afforded  by  the  ordinary  meiler  process. 

In  the  foregoing  operations  the  dry  distillation  of  the  greater 

Sortion  of  the  wood  which  constitutes  the  heap  or  meiler  is  pro- 
aced  by  the  combustion  of  a  certain  quantity,  which  may  be  con- 
sidered as  the  fiiel  necessary  to  produce  the  required  heat.  In 
order  to  conduct  an  operation  with  the  greatest  possible  economy, 
care  should  be  taken  that  no  more  air  be  admitted  than  is  abso- 
lutely necessary  for  the  combustion  of  this  amount  of  fuel,  as  any 
further  supply  will  cause  a  greater  quantity  to  be  consumed  than  is 
required  for  the  dry  distillation  of  the  mass. 

The  success  of  these  processes  is  also  much  influenced  by  the 
fact  that  the  smoke  and  vapours,  being  evolved  contranr  to  their 
natural  course,  are  constantly  made  to  take  a  downward  direction, 
which  not  only  affords  the  workman  the  o*)portunity  of  attentively 
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watching  the  changes  which  are  taking  place,  but  also  gives  liim 
time  for  taking  the  necessary  steps  to  prevent  the  access  of  too 
large  an  amount  of  air.  Ordinary  wood  loses  from  20  to  25  per 
cent,  of  its  bulk  during  the  process  of  charring ;  and,  therefore, 
the  dimensions  of  the  charcoal  produced  from  a  given  quan- 
tity of  wood  is  much  less  than  that  of  the  original  meiler 
before  the  application  of  fire.  This  diminution  naturally  tends 
to  produce  cavities  between  the  fuel  and  its  covering,  which^  if 
actually  formed,  would  become  accessible  to  air,  and  thereby  cause 
a  useless  consumption  of  wood ;  but  in  the  case  of  the  moveable 
coverings  employed  for  this  purpose,  this  inconvenience  can  never 
occur,  as,  in  proportion  as  the  size  of  the  heap  becomes  less, 
through  the  shrinking  of  the  wood,  the  covering  will  be  found  to 
sink  with  it,  and  is,  therefore,  much  more  effective  in  excluding 
air  than  any  fixed  roofing  which  could  be  substituted  for  it. 

The  loss  arising  from  the  combustion  of  a  portion  of  the  charcoal  is 
also  diminished  by  the  way  in  which  the  charring  is  conducted.  The 
mounds  are  always  first  lighted  in  the  middle ;  and,  therefore,  the 
central  portion  of  the  heap  will  be  completely  charred  before  those 
parts  which  are  in  immediate  contact  with  the  covering  have  become 
much  affected  by  the  heat.  In  this  way,  the  charcoal  which  has 
arrived  at  the  last  stage  will,  by  the  heat  which  it  evolves,  cause  the 
dry  distillation  of  the  wood  immediately  around  it,  which,  from 
the  combustible  gases  evolved,  and  the  burning  of  a  portion  of 
the  wood  in  its  vicinity,  protects,  by  a  zone  greedy  for  oxygen, 
the  portion  already  completely  charred  from  the  further  action 
of  air. 

These  methods  have,  however,  the  disadvantage  of  allowing  the 
volatile  constituents  of  the  wood  to  escape,  and  these  are  more  or 
less  valuable  according  to  the  locality  in  which  they  are  produced. 
Various  plans  have  been  proposed  to  prevent  this  loss.  For  this 
purpose  it  has  been  suggested  that  the  covering  of  the  meiler 
should  consist  of  hurdles  covered  with  clay,  into  which  pipes  for 
carrying  off  the  volatile  products  could  be  placed :  others  have 
proposed  that,  instead  of  covering  the  heap  with  breeze  or  sand, 
slaked  lime  should  be  employed,  so  as  to  combine  with,  and  thereby 
fix,  the  acetic  acid  produced.  Both  these  plans  have,  however, 
been  found  to  fail  in  practice,  as  the  first  des^ys  the  flexibility  of 
the  covering,  and  the  second  is  said  to  retain  but  a  small  portion 
of  the  acid  produced. 

If  the  method  of  carbonisation  in  long  masses  or  piles  be  re- 
sorted to,  instead  of  the  meilers  more  usually  employed,  the 
gaseous  and  liquid  products  of  distillation  may  be  collected  by  an 
iron  pipe  placed  in  the  highest  end  of  the  heap,  which,  being 
connected  with  a  worm-tub  filled  with  water,  wiU  discharge  the 
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condensed  products  in  the  liquid  form.  In  cases  where  the  site  of 
the  mailer  can,  without  much  inconvenience,  from  the  facility  of 
carriage  afforded  by  sledges  or  a  stream  of  water,  remain  star 
tionaij,  the  heap  may  be  placed  in  a  funnel-shaped  pit,  lined  with 
day,  which,  havmg  at  its  lower  part  an  inclined  channel,  either  of 
iron  or  day,  will  convey  a  portion  of  the  impure  acid  and  tarry 
matters  into  a  reservoir,  where  they  CTadually  accumulate. 

CluurrlBs  In  Fumaces. — When  the  collection  of  the  volatile 
constituents  of  wood  is  considered  a  matter  of  much  importance, 
the  charring  ia  usually  conducted  in  fixed  furnaces,  from  which 
they  may  be  conveyed  by  proper  appliances  into  receivers  adapted 
for  that  purpose.  These  numaces  are  of  two  kinds.  In  the  first 
the  carbonisation  is  efiected,  as  in  the  case  of  the  common  meiler, 
at  the  expense  of  a  certain  portion  of  the  wood,  which  is  con- 
sumed in  order  to  produce  the  amount  of  heat  necessary  for  the 
distillation  and  charring  of  the  remainder.  In  the  second  variety, 
the  heat  necessary  for  the  dry  distillation  of  the  wood  is  not 
obtained  by  the  combustion  of  any  part  of  the  charge  of  the 
fiumace,  but  is  on  the  contrary  raised  by  the  application  of  a  cer- 
tiin  amount  of  fuel,  which  is  entirely  distinct  from  that  from 
which  the  charcoal  is  to  be  manufactured. 


88. 


84. 


Figs.  83  and  84  represent  a  section  and  plan  of  one  of  the  many 
fbmaces  belonging  to  the  first  class.  In  this  arrangement  the 
air  haa  access  into  the  furnace  through  the  bars,  a.  It  is  partially 
filled  by  the  door,  b,  and  when  the  diarge  has  been  raisea  to  this 
level,  the  remainder  of  the  wood  is  introduced  through  the 
aperture,  c,  which  is  left  for  that  purpose  in  the  crown  of  the 
arch.  When  the  charging  is  completed,  the  openings,  b  and  c, 
are  dosed  by  means  of  iron  doors,  against  which  earth  is  thrown  for 

d  by  Google 


Digitized  b 


150  7UEL. 

the  purpose  of  excluding  the  air.  The  wood  is  now  ignited,  bj 
kindling  a  small  fire  in  the  ash-pit,  immediatelj  beneath  the  bars ; 
and  when  it  has  become  fairly  alight,  the  draught  is  regulated  by 
the  sliding  door,  d,  which  admits  of  being  opened  or  shut  at 
pleasure. 

As  soon  as  the  sides  of  the  fiimace  have  attained  a  sufficient 
heat  to  complete  the  operation,  the  door,  d,  is  completely  closed, 
and  the  iuniace  left  to  itself,  until  the  whole  of  the  wood  which 
it  contains  is  converted  into  charcoal.  The  volatile  ingredients 
escape  through  the  aperture,  0,  and  are  more  or  less  completely 
condensed  by  passing  through  a  series  of  tubes  surrounded  by 
water. 

The  mte  at  the  bottom  of  these  furnaces,  instead  of  being 
made  of  bars  of  iron,  is  frequently  a  kind  of  trellis  formed  of 
brick-work  or  perforated  tiles,  and  when  the  apertures  in  these 
are  very  small,  the  firing  of  the  charge  is  effected  through  the 
door,  b.  When  the  operation  is  termmated,  all  the  apertures  by 
which  air  could  be  admitted  are  completelv  closed,  and  the  furnace 
is  allowed  to  cool ;  the  charcoal  being  withdrawn  by  the  door,  b. 

Furnaces  of  very  difierent  construction  are  in  various  places 
employed  for  the  production  of  charcoal,  according  to  this  priiw 
ciple.  Some  of  these  are  made  quadrangular,  and  very  nearly 
resemble  in  form  the  boarded  piles  before  described.  Two  open- 
ings in  the  lower  end,  to  which  doors  are  adapted,  serve  for 
charging  the  wood,  and  withdrawing  the  charcoal  when  made, 
whilst  the  requisite  supply  of  air  is  obtained  through  apertures 
perforated  in  the  walls.  The  first  row  of  holes  is  made  on  the 
same  level  as  the  ground  on  which  the  furnace  stands;  the 
second  at  eighteen  inches  from  the  floor ;  and  the  third  at  a  dis- 
tance of  three  feet  from  the  first. 

When  the  wood  is  placed  in  the  ftimace,  a  channel  is  con- 
structed in  the  direction  of  its  longer  axis,  which  corresponds 
with  one  of  the  openings  at  the  lower  end  of  the  building.  By 
this  opening  the  fire  is  communicated  to  the  charge,  and  as  soou 
as  ignition  of  the  mass  has  taken  place,  the  door  by  which  it  was 
lighted  is  hermetically  closed.  As  the  process  proceeds,  the 
apertures  are  successively  closed  bv  plugs  of  clay,  and  when  the 
operation  is  completed,  the  whole  of  the  surface  of  the  furnace  is 
covered  with  that  substance.  The  gaseous  and  other  volatile 
ingredients  escape  from  the  furnace  through  a  pipe  placed  in  the 
higher  end  for  that  purpose,  and  when  the  charge  has  become 
completely  charred,  it  is  allowed  to  remain  untouched  until  it 
has  grown  quite  cold.  In  very  large  ovens  of  this  description, 
the  cooling  often  occupies  frt>m  two  to  three  weeks;  since,  if 
they  were  opened  before  being  reduced  to  a  proper  temperature^ 
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the  air,  on  eommg  in  contact  with  the  red-hot  charcoal,  would 
cause  the  greater  part  of  it  to  be  consumed. 

Fomaces  of  the  second  kind,  t.  e,  where  the  heat  necessary  for 
charring  the  charge  is  applied  firom  without,  are  chieflj  employed 
where  the  Charcot  produced  is  considered  to  be  of  less  value  than 
the  tar  and  other  volatile  ingredients,  and  they  are  therefore 
never  used  by  the  metallurgist  for  the  preparation  of  the  fuel 
which  he  may  require.  The  coniferous  woods  are  found  to  yield 
the  largest  amount  of  tar,  and  ore  consequently  those  which  are 
most  frequently  subjected  to  this  kind  of  distillation.  The  arrange- 
ments by  which  both  the  tar  and  charcoal  may  be  made  available 
are  extremely  various,  but  one  of  those  best  adapted  for  the  pur- 
poee  consists  of  an  iron  cylinder,  so  set  in  brick-work  that  the 
flame  and  strongly  heated  air  escaping  from  a  fire  placed  below, 
may  circalate  fieely  around  it.  The  wood  to  be  charred  is  placed 
in  the  cylinder  through  an  opening  which  may  be  closed  hermeti- 
cally. This  is  done  by  a  luted  door,  and  the  v^ours  arising 
from  the  distillation  are  conveyed  by  an  iron  pipe  into  a  worm- 
tub,  where  those  capable  of  assuming  the  liquid  form  are  condensed. 
When  the  wood  in  the  retort  ceases  to  give  off  tarry  matter,  the 
luted  door  is  removed,  and  the  charcoal  withdrawn  by  long  rakes. 
On  being  withdrawn  jfrom  the  retort,  it  is  placed  in  sheet-iron 
esses,  which  being  furnished  with  close-fitting  covers,  prevent  the 
combustion  of  the  red-hot  charcoal ;  and  in  these  it  is  allowed  to 
cool.  By  a  more  recent  improvement  in  the  construction  of 
letorts  of  this  description,  the  uncondensed  gases  issuing  from 
the  wood  in  process  of  charring  are  made  to  afford  the  amount 
of  heat  necessary  for  carrying  on  the  operation.  This  is  done 
by  conducting  the  vapours  which  have  escaped  condensation 
bv  passing  through  the  worm-tubs,  under  the  bottom  of 
the  vessel,  in.  which  the  wood  is  heated.  When  .in  this  arrange- 
ment, by  a  fire  placed  imder  the  retort,  it  has  been  raised 
to  a  certain  temperature,  and  considerable  quantities  of  com- 
bustible gases  are  evolved,  they  become  ignited  in  coming  in  con- 
tact with  the  flame  issuing  from  the  grate,  and  thus  afford 
sufficient  heat  for  carrying  on  the  operation. 

The  average  quantity  of  charcoal  produced  by  the  meiler  process 
flpom  ordinary  wood,  amounts  to  about  22  per  cent.  When  the 
distillation  is  carried  on  in  close  furnaces,  this  quantity  is  fire* 
quently  increased  to  27  per  cent. ;  but  as  about  5  per  cent,  is 
required  for  heating  the  furnace,  this  method  in  reality  affords 
results  veiy  little  superior  to  those  obtained  firom  the  common 
charcoal  mound 

Mr.  Mushet,  who  has  made  a  series  of  experiments  on  the 
amoimt  of  charcoal  yielded  by  different  kinds  of  wood,  obtained 
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the  annexed  results.  This  inyestigation  was  conducted  on  a  small 
scale,  and  the  woods,  before  being  charred,  were  thoroughly  dried, 
and  pieces  of  each  sort  selected  as  nearly  alike  in  every  respect  as 
possible.  One  hundred  parts  of  each  kind  were  emplojecl,  and 
yielded  the  numbers  here  given. 

Lignum  YitsB  afforded  26*0  of  charcoal,  of  a  greyish  colour, 
resembling  coke. 

Mahogany  afforded  25*4  of  charcoal,  tinged  with  brown,  spongy 
and  porous. 

Laburnum  afforded  24*5  of  charcoal,  velvet  black,  compact,  very 
hard. 

Chesnut  afforded  23*2  of  charcoal,  glossy  black,  compact,  firm. 

Oak  afforded  22*6  of  charcoal,  black,  close,  veir  firm. 

Walnut  afforded  20*6  of  charcoal,  dull  black,  close,  firm. 

Holly  afforded  19*9  of  charcoal,  dull  black,  loose,  and  bulky. 

Beech  afforded  19*9  of  charcoal,  dull  black,  spongy^  finn. 

Sycamore  afforded  19*7  of  charcoal,  fine  black,  bmky,  moderately 
firm. 

Elm  afforded  19*5  of  charcoal,  fine  black,  moderately  firm. 

Norway  Fine  afforded  19*2  of  charcoal,  shining  black,  bulky, 
very  soft. 

Sallow  afforded  18*4  of  charcoal,  velvet  black,  bulky,  loose, 
and  soft. 

Ash  afforded  17*9  of  charcoal,  shining  black,  spongy,  finn. 

Birch  afforded  17*4  of  charcoal,  velvet  black,  bulky,  firm. 

Scottish  Pine  afforded  16*4  of  charcoal,  tinged  with  brown, 
moderately  firm. 

Messrs.  Allen  and  Pepys  obtained  firom  100  parts  of  the  follow- 
ing woods,  the  quantities  of  charcoal  as  under — 


Birch  ....  15*00 
Mahoganv .  .  .  15*75 
Lignum  YitsB  .    .    17*25 


Oak 17*40 

Fir 18*17 

Box  , 20*26 


These  results  are  generally  less  than  those  obtained  by  Mushet, 
who  either  operated  at  too  low  a  temperature,  or  did  not  allow 
sufficient  time  for  the  escape  of  the  volatile  products. 

The  specific  gravity  of  charcoal  varies  witn  the  nature  of  the 
wood  from  whi<m  it  has  been  manufactured,  the  denser  varieties 
usually  affording  the  heaviest  charcoal,  and  vice  vertd.  Henzel, 
who  has  made  the  most  careful  experiments  on  this  subject,  gives 
the  following  specific  gravities  for  different  kinds  of  wood-chamNil, 
Alder,  0134;  Birch,  0-203;  White  Beech,  0183;  Oak,  0155; 
Bed  Beech,  0*187,  and  Bed  Larch,  0*176.  Enapp,  who  made  his 
experiments  on  a  large  scale,  found  the  following  numbers  as  the 
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weight  of  a  cubic  foot  of  various  kinds  of  wood-charcoal,  intersticee 
included : — Beech-wood  charcoal  (split  wood)  8  to  9  lbs. ;  charcoal 
from  split  oak  wood,  7  to  8  lbs. ;  pine  wood,  5*5  to  7  lbs. ;  of  the 
softer  kinds  of  wood,  4*5  to  5*5  lbs. 

The  charcoal  obtained  from  wood  hj  the  methods  above  described 
is  not  pure  carbon,  as,  on  being  strongly  heated,  about  7  per  cent, 
of  volatile  matter  may  still  be  driven  on. 

Charcoal  has  also  the  property  of  absorbing  considerable 
quantities  of  water  from  exposure  to  the  air.  Messrs.  Allen  and 
^epys  found  that  by  a  week  s  exposure  to  a  moist  atmosphere,  the 
chiurcoalof 

Lignum  Yitse  gained  ....    9*6  per  cent. 

Eir 130 

Box 140 

Beech 16-3 

Oak 16-6 

Mahogany 18*0 

Besides  this  facility  for  imiting  with  aqueous  vapour,  charcoal 
possesses  the  property  of  absorbing  a  greater  or  less  amount  of 
the  various  gases.  The  following  table  by  Saussure,  shows  the  num- 
ber of  vohimes  of  different  gases  absorbed  in  24  hours  by  one 
volume  of  charcoal.  In  these  experiments  each  piece  was  heated 
afresh  to  a  red  heat,  and  allowed  to  cool  imder  mercury.  When 
taken  from  under  the  mercury,  it  was  at  once  plunged  into  the 
vessel  of  gas  to  be  experimented  on. 

Ammoniacal  gas 90 

Hydrochloric  acid  gas 85 

Smphurous  acid  gas 65 

Sulphuretted  hy<&ogen   .        .        .        »        .55 

Nitrous  oxide 40 

Carbonic  acid  gas 35 

Bicarburetted  hydrogen 3500 

Carbonic  oxide 9*42 

Oxygen 9*25 

Nitrogen 7*50 

Carburetted  hydrogen 5*00 

Hydrogen 1*76 

Brvwn  Chareoal.  Charbon  Roiix. — The  object  sought  in  the 
conversion  of  wood  into  charcoal,  is  to  obtain  a  larger  amount  of 
combustible  matter  in  a  given  volume  of  the  friel  produced.  One 
cubic  foot  of  beech  wood  weighs  20  lbs.,  and,  after  deducting  its 
oxygen  and  hydrogen,  affords  9  lbs.  of  combustible  matter :  a  cubic 
foot  of  beech  char^>al,  which  almost  wholly  consists  of  combustible 
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matter,  weighs  12  lbs.,  and  it  is  therefore  evident  that  a  given 
volume  of  charcoal  will  possess  a  heating  power  superior  to  that 
of  the  wood  from  which  it  is  made,  in  the  proportion  of  4  to  3. 
It  does  not,  however,  follow  from  this  circumstance,  that,  to  obtain 
the  largest  possible  amount  of  combustible  matter  in  a  given 
space,  the  carbonisation  should  be  carried  to  its  fullest  extent. 
Berthier  was  the  first  to  call  attention  to  this  point,  and  Sauvage, 
who  fully  investigated  the  subject,  has  proved  beyond  a  doubt 
that  the  charrine  process,  if  carried  too  far,  is  attended  with 
decided  loss.  In  his  experiments,  5  equal  parts  of  air-dried  wood 
were  successively  charred  in  the  same  furnace,  and  in  each  experi- 
ment the  carbonisation  was  arrested  at  a  different  interval,  for 
the  purpose  of  examining  the  products  obtained,  both  with  regard 
to  their  state  of  carbonisation,  and  also  their  loss  of  weight 
and  bulk. 

From  this  examination  he  ascertained  that  if  one  cubic  foot  of 
wood  contains  an  amount  of  combustible  matter  irepresented 
by  908.*— 

cubic  foot  charred  diuing  3  hours  will  contain  883*  parts. 


5 

99 

1133' 

5i 

99 

1091 

6i 

>» 

1136 

Mound  charcoal 

» 

1069 

On  inspecting  the  table,  it  is  evident  that  the  weight  of  com- 
bustible matter  contained  in  a  given  quantity  of  fuel  is  not  in- 
creased after  the  fifth  hour,  and  that,  if  the  charring  be  prolonged 
much  beyond  that  time,  a  considerable  loss  is  sustained.  It  con- 
seauently  follows  that  the  process  may  be  advantageously  arrested 
before  the  wood  becomes  thoroughly  converted  into  charcoal,  and 
that  the  point  should  be  sought  at  which  it  contains  its  maximum 
amount  of  combustible  matter.  In  Erance  and  Belgium,  this 
dried  wood,  or  charbon  roux,  is  extensively  employed,  and  is  pre- 
pared by  a  kind  of  mound  carbonisation,  but  in  which  a  somewhat 
different  principle  is  employed.  The  heap  in  which  the  wood  is 
placed  is  a  lengthened  pile,  covered  with  earth,  erected  over  a 
kind  of  channel  passing  through  its  axis.  This  is  covered  with 
iron  plates,  and  set  its  outer  extremitv  -a  fire-  is  placed,  the  heated 
air  of  which  is,  by  means  of  a  ventilator,  made  to  pass  up  the 
channel,  and  firom  thence,  through  a  longitudinal  slot  in  the  iron 
plate,  which  covers  it,  into  the  heap  itself 

The  charring  of  the  mound  is  regulated  by  its  outer  covering, 
so  that  when  it  is  desired  to  elevate  the  temperature  in  any 

*  By  weight. 
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particular  locality,  the  earth  is  remoyed  from  the  part,  and 
the  draught  thus  allowed  to  pass  in  that  direction,  if,  on  the 
contrary,  the  carbonisation  is  K>und  to  proceed  too  rapidly  in  any 
part  of  the  mound,  the  covering  is  thickened  by  the  addition  of 
more  earth,  and  the  action  of  the  fire  thus  deadened.  It  is 
evident  that  this  process  is  regulated  by  the  same  means,  and 
goyemed  by  the  same  principles,  as  the  ordinary  meiler  carboni- 
sation ;  but  great  experience  is  required  on  the  part  of  the  work- 
men, in  order  to  obtain  the  largest  and  at  the  same  time  the  most 
uniform  results.  The  adoption  of  charbon  roux,  instead  of 
charcoal,  efiects  a  considerable  saymg  of  wood,  and  is  on  that 
account  frequently  advantageous ;  but  it  is  found  in  practice 
extremely  difficult  to  obtain  it  of  a  perfectly  uniform  quality,  and 
as  on  this  point  its  equality  of  action  entirely  depends,  the  work- 
ing of  the  furnaces  where  it  is  employed  is  uable  to  become 
fr^mently  deranged. 

The  workmen  who  attend  a  furnace  can  have  no  guide  in 
making  up  their  charges  if  the  quality  of  the  fuel  is  continually 
changing,  and  consequently  the  manufacture  of  charbon  roux 
requires  to  be  conducted  with  much  greater  care  than  is  necessary 
in  making  ordinary  charcoal,  as  in  the  one  case  the  problem  sought 
is  the  complete  carbonisation  of  the  wood  at  the  smallest  possible 
sacrifice  oi  fuel,  whilst  in  the  other  the  charring  should  be  arrested 
as  soon  as  the  fuel  has  attained  its  maximum  calorific  value ;  and 
as  nothing  but  care  and  experience  can  ensure  this,  the  process 
becomes  one  of  considerable  difficulty. 

Peat  Chmreoal,  or  Peat  Coke. — ^The  charcoal  obtained  from 
peat  is,  as  far  as  its  heating  power  is  concerned,  a  valuable  fuel« 
out  it  is  nevertheless  subject  to  disadvantages  which  prevent  its 
application  to  ordinary  purposes.  In  the  first  place,  this  substance 
generally  contains  from  10  to  21  per  cent,  of  ash,  and  yields  from 
24  to  90  per  cent,  of  charcoal,  which  must  therefore  produce  a 
very  large  proportion  of  ash,  and  is  thus  rendered  entirely  useless 
in  many  operations  to  which  it  might  otherwise  be  advantageously 
applied.  If  we  suppose,  for  example,  that  a  variety  of  peat  con- 
tains 10  per  cent,  of  mcombustible  matter,  and  only  afibrds  25  per 
cent,  of  coke,  it  is  evident  that  the  coke  thus  produced  would 
contain  no  less  than  40  per  cent,  of  ash,  which  would  render  it 
unfit  for  many  of  the  purposes  for  which,  if  it  were  more  free 
from  ash,  it  might  be  employed.  Besides  this,  it  is  found  impos- 
sible to  transport  peat  charcoal  to  any  considerable  distance  from 
the  place  where  it  is  prepared,  for,  being  extremely  friable  and 
britue,  it  soon  falls  to  pieces,  and  is  thereby  rendered  entirely 
worthless.  Li  smelting  furnaces,  where  it  has  to  sustain  the  weight 
of  the  charges  which  may  be  above  it  in  the  series,  this  charcoal  ia 
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also  fonnd  to  crumble  and  choke  tlie  blast,  and  it  can  therefore 
be  only  employed  under  steam  boilers  or  in  forge  fires. 

Metier  Pr«ceM. — ^From  the  circumstance  of  peat  being  cut  in 
the  form  of  rectangular  bricks,  it  admits  of  being  piled  so  as  to 
leave  but  few  inteiwces  between  the  blocks ;  ana  m>m  being  less 
readily  combustible  than  wood,  the  heaps  in  which  it  is  pre- 
pared require  a  less  perfect  covering,  and  may  be  built  of  a 
smaller  size.  The  mounds  generally  employed  for  making  peat 
charcoal  consist  of  from  700  to  1000  bricks,  which  are  placed  in 
heaps  of  from  6  to  7  feet  in  diameter,  and  4  feet  in  height.  After  a 
proper  situation  has  been  selected  for  the  mound,  a  post  is  firmly 
driven  in  the  ground,  and  around  this  the  blocks  of  turf  are  placed 
in  concentric  rings.  At  the  bottom  of  the  meiler  four  channels 
are  made  of  the  thickness  of  a  brick,  for  the  purpose  of  admitting 
air  into  the  arrangement.  These,  which  are  at  ri^ht  angles  to  each 
other,  commence  at  the  central  stake,  and  termmate  at  the  peri- 
phery of  the  circle  described  by  the  base  of  the  mound,  and  are  sub- 
sequentlv  used  for  regulating  the  rapidity  of  the  carbonisation. 
"Wnen  the  peat  has  been  properly  arranged,  the  meiler  is  first 
covered  with  earth  or  charcoal  dust,  which  is  well  packed 
down  to  exclude  the  air.  Some  dry  wood  for  igniting  the  mass 
is  then  placed  at  the  bottom  of  the  stake,  and  the  fire  is  com- 
municated through  one  of  the  chambers  before  described.  By 
the  alternate  opening  and  shutting  of  these,  the  combustion  is 
equally  effected  in  afl  the  parts  of  the  mound,  and  as  soon  aa 
fiames  begin  to  appear  from  the  crown  of  the  heap,  which  for  a 
small  space  around  the  stake  is  left  uncovered,  the  opening  ia 
closed  with  turf  and  earth,  and  the  completion  of  the  charring  ia 
then  accomplished  by  means  of  holes  made  all  round  in  the 
covering,  which  commencing  near  the  top  are  brought  down  by  six 
inches  at  a  time  until  they  reach  the  bottom  of  the  heap.  In  this 
process,  like  that  of  charrine  wood,  the  progress  of  the  operation 
IS  known  from  the  colour  of  the  smoke  evolved.  Knapp  states 
the  produce  in  charcoal  of  the  mounds  examined  by  him  to  have 
been  as  follows :  — 

Gkre  p.  0.     Oftve  p.  o. 

in  weight,     in  volume. 
Peat,  not  completely  air-dried   ....    24    ..    27 

Peat,  air-dried 27    .    .    82i 

Peat,  fit>m  Pfungstadt,  very  dry  ...  30  ..  29 
Peat,  of  good  ^imity,  quite  dry  .  .  .  85i  .  .  40 
From  thedistnctof  Siegen,  very  good  peat  23    .    .    40 

The  peat  is  withdrawn  from  the  mound  after  it  has  been  allowed 
to  cool  down  to  9  proper  temperature,  as  the  use  of  much  water 
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for  Quenching  it  ia  objectionable,  on  account  of  the  facility  with 
which  the  resulting  coke  becomes  reduced  to  powder.  The  amount 
of  charcoal  iumished  by  peat  when  the  experiments  are  made  on 
a  small  scale,  is  usually  g^reater  than  those  above  given,  as  there  is 
then  less  loss  sustained  from  the  crumbling  nature  of  the  product. 

Charrinir  in  •Tens. — ^Although  the  products  obtained  from 
carbonisation  in  furnaces  are  not  greater  than  those  yielded  by  the 
ordinary  meiler  process,  yet  the  supply  of  air  and  the  rapidity  of 
charring  are  more  easily  regulated,  and  consequently  the  operation 
is  more  cheaply  executed,  when  ovens  are  employed. 

One  of  the  best  forms  given  to  these  furnaces  is  that  used  at 
the  manufactory  of  arms,  at  Obemdorf,  in  Wirtemberg,  where  it 
has  been  constantly  used  for  the  last  ten  years. 

These  furnaces,  which  hav3  the  form  of  an  upright  cylinder 
9  feet  in  height,  are  closed  at  top  by  a  circular  arch,  in  which  an 
aperture  is  left  for  the  convenience  of  charging.  Tliis  cylinder  is 
5i  feet  in  diameter,  and  has  a  fire-brick  lining  16  inches  in  thickness. 
This  is  surrounded  by  the  same  thickness  of  sand,  which  is  enclosed 
between  the  lining  and  another  15-inch  wall,  so  that  the  entire 
thickness  of  the  sand  and  walls  together  is  45  inches.  Above  the 
floor  of  the  furnace  are  three  tiers  of  air-holes  made  by  inserting 
pieces  of  musket  barrels  in  the  wall,  and  which  may  be  closed  by 
bottle-stoppers  from  the  outside. 

The  door  for  drawing  the  charcoal  is  placed  on  the  level  of  the 
sole,  and  closed  by  an  iron  slab,  against  which  some  sand  is  thrown 
for  the  purpose  of  excluding  the  air.  On  charging  the  furnace,  a 
channel  is  left  through  its  axis  for  the  purpose  of  igniting  its 
contents,  which  is  done  by  throwing  some  lignted  charcoal  down 
the  chimney  thus  made.  At  the  commencement  of  the  operation 
both  the  charging-hole  and  lower  vent-holes  are  left  open,  but  as 
soon  as  the  peat  becomes  white-hot  the  former  is  shut  by  an  iron 
pkte,  and  covered  with  sand.  The  lower  aip-holes  are  at  the  same 
time  closed,  and  those  which  are  placed  next  above  them  opened. 
When  all  smoke  has  ceased  to  be  given  off,  the  whole  of  the  aper- 
tures must  be  closed,  and  the  furnace  and  its  contents  are  allowed 
to  cool  together.  The  coking  process  is  usually  completed  in 
from  thirty  to  forty-eight  hours,  but  the  furnace  is  seldom  fit  to 
draw  in  less  than  six  or  seven  days  after  closing  all  the  air-holes. 
For  this  reason  a  series  of  ten  furnaces  are  employed,  in  order  to 
allow  of  one  being  charged  and  another  drawn  every  day. 

Instead  of  effecting  the  coking  of  one  portion  of  the  peat  at  the 
expense  of  another  part  which  is  consumed  in  the  same  furnace  to 
obtain  the  necessary  elevation  of  temperature,  it  is  sometimes 
subjected  to  dry  distillation  in  a  kind  of  retort  speciivLly  adapted 
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to  that  purpose.  At  Courcy  sur  Ourcq,  near  Meaui,  a  well-con- 
structed  apparatus  of  this  kind  is  employed.  Fig.  85  is  a  sectional 
view  of  this  arrangement ;  a  is  the  cylin- 
drical coking  chamber,  the  walls  of  which 
are  heated  by  the  flame  and  hot  air  passing 
through  the  intermediate  flue  b.  This 
space  itself  is  divided  by  partitions  of  fire- 
tiles  into  three  stages,  through  the  apertures 
!^Bc  J  i  ^^  which,  the  hot  air  from  the  fire  c  ascends 

^Kll  and  heats  the  coking  chamber.     In  order  to 

^Hl  I  avoid  loss  of  heat,  a  cylindrical  hollow  space 

^H I  d  is  left  in  the  outer  wall  of  the  kiln,  which, 

^^g^W'^  being  constantly  full  of  stagnant  air,  tends  to 

^"  B  ^  /  prevent  the  cooling  of  the  furnace.  The  peat 
'  — —  "-^"  IS  introduced  through  the  opening  at^ 
which,  as  soon  as  the  charging  is  finished, 
is  closed  by  an  iron  plate,  and  thickly 
covered  with  ashes  or  sand.  The  flue  from 
the  fire-place  opens  above  this  aperture,  and 
its  outlet  is  provided  with  a  moveable  iron 
cover  ^,  in  which  thero  is  a  hole  for  the  escape  of  the  gases.  The  sole 
of  the  kiln  consists  of  an  iron  plate  A,  which,  being  attached  to  the 
iron  rod  t,  may  be  withdra\iTi  or  replaced  at  pleasure.  When  the 
carbonisation  is  completed,  this  plate  is  withdrawn,  and  the  char- 
coal allowed  to  fall  into  the  chamber  placed  below.  The  volatile 
products  which  aro  generated  during  the  process  are  carried  off 
by  the  pipe  /,  and  conducted  into  a  condensing  apparatus. 

The  gases  which  escape  from  this  aro  conveyed  by  metallic  pipes 
into  the  fire-place  c,  and  being  thero  consumed,  yield  a  portion 
of  the  heat  necessary  for  carrying  on  the  operation.  The  products 
of  charcoal  obtained  from  this  nimace  aro  larger  than  those  pro- 
duced by  the  methods  before  described,  but  from  the  shock  which 
it  receives  in  falling  from  the  retort  to  the  chamber  beneath,  it 
frequently  becomes  much  broken,  and  is  thereby  rendered  to  a 
certain  extent  less  valuable  than  if  obtained  in  larger  masses. 

Charrlnv  of  Brown  Coal. — Brown  coal  is  of  ^  kinds  of  fuel 
the  least  adapted  for  carbonisation ;  for  although  it  is  acted  on  by 
heat  ill  the  same  way  as  wood,  and  produces  a  less  combustible 
charooal,  yet  it  is  subject  to  inconveniences  which  render  its  pro- 
duction from  this  substance  too  costly  for  general  application. 
Lignite,  like  peat,  contains  a  large  proportion  of  ash,  and 
this  per-centage  will  necessarily  be  much  greater  in  the  charcoal 
produced  than  in  the  coal  from  which  it  is  made.  This,  from  the 
tendency  which  the  charcoal  'vtrould  have  to  clinker  on  ihe  fire, 
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pievents  its  being  used  for  maiij  purposes  for  which  a  fuel  of 
greater  purity  comd  be  employed.  In  addition  to  this,  the  action 
of  heat  causes  the  layers  and  concentric  rings  which  are  scarcely 
perceptible  in  the  ugnite  to  separate  from  each  other,  and  the 
charcoal  manufactured  is  thereby  either  reduced  to  such  small 
fragments  as  to  be  of  little  service  as  a  fuel,  or  is  rendered  so  ex- 
tremely friable  as  to  be  unable  to  bear  carriage  even  to  a  short 
distance  from  the  locality  where  it  is  produced.  The  carbonisa- 
tion of  lignite  in  mounds  is,  however,  carried  on  on  a  small  scale 
in  the  neighbourhood  of  Cassel,  but  the  situations  where  this  can 
be  done  with  advantage  are  far  from  numerous. 

The  following  results  were  obtained  by  heating  pieces  of  brown 
coal  in  close  crucibles  until  all  traces  of  their  volatile  constituents 
ceased  to  be  evolved  ? — 

100  Farts  of  Gave  of  charcoal 

Earthy  Coal  from  the  Basses  Alpes 48*5 

Lignite  from  Greece 38*9 

„         Friesdorf 28*2 

„         Iceland 67*5 

,.         Auszig 40*1 

„         Orsberg 628 

„         Hegendorf 41"2 

„         Stoszchen 29*1 

„         Piitzchen 46*4 

n  if  4f4'7 

„         Neundorf 38*4 

„         Coulang 381 

„         Jahnsdorf 32*8 

„         Hartenberg 37*2 

34*6 

„         Kanden 37*5 

Pitch  Coal  from  Eeichneau 38*1 

jj  »>  29*3 

„         Altsattel 40*3 

Lignite  from  Verau 35*6 


COKE. 

The  combustible  residue  which  remains  afker  the  volatile  con- 
stituents of  pit-coal  have  been  eliminated  by  the  action  of  heat,  is 
called  Coke.    In  making  this  substance,  as  in  the  manufacture  of 

*  Knapp's  Technology,  vol.  i  p.  64. 
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charcoal,  one  of  the  objects  sought  is  the  production  of  a  fuel  which 
shall  contain  in  a  given  bulk  a  larger  amount  of  combustible 
matter  than  exists  in  the  coal&om  which  it  is  obtained. 

GK>od  coke  should  also  possess  sufficient  solidity  to  enable  it  to 
withstand  the  pressure  of  a  smelting  furnace  without  crushing, 
and  is  of  little  value  unless  obtained  in  large  pieces  not  liable  to 
crumble  and  form  dust.  From  the  difference  observed  in  the  pro- 
perties and  composition  of  coals,  it  is  evident  that  all  cannot  be 
ntted  for  the  manufacture  of  coke,  and  it  is  therefore  necessary  to 
select  such  as  yield  that  best  adapted  for  the  purposes  of  the  arts. 

Sand  coal,  from  the  fiiable  nature  of  the  coke  which  it  pro- 
duces, is  not  adapted  for  this  purpose ;  whilst  if  a  too  easily 
caking  variety  be  employed,  it  is  found  to  yield  a  spongy 
coke  very  liable  to  crush.  This  arises  from  the  compression  of 
the  blisters  which  are  formed  in  the  softer  coal  by  the  escaping 
gases,  and  a  coal  should  therefore  be  chosen,  which,  although 
fess  brittle  than  the  sinter  kind,  is  less  liable  to  melt  on  the  fire 
than  that  commonly  kno\sTi  by  the  name  of  caking  coaL 

The  nature  of  the  coke  produced  from  any  particular  variety  of 
coal  is  also  considerably  influenced  by  the  method  of  its  prepara- 
tion, as  well  as,  in  a  certain  defi;ree,  by  the  nature  and  amount  of 
the  ash  existing  in  the  coal  from  which  it  is  manufactured. 
Coke  which  has  been  made  in  large  quantities  at  a  time  is  usually 
better  than  that  manufactured  on  a  more  limited  scale,  as,  from 
the  weight  of  the  mass  operated  on,  the  product  will  be  more  com- 
pact than  when  smaller  quantities  are  used,  whilst,  frx>m  the  higher 
temperature  obtained,  the  volatile  ingredients  will  be  more  per- 
fectly driven  off;  When  the  ash  contained  in  the  coal  is  fusible, 
it  melts  and  forms  a  kind  of  cement  for  the  particles  of  coke, 
which  is  thereby  rendered  more  compact,  and  less  liable  to  be 
crushed  by  pressure. 

From  the  circumstance  of  coal  being  constantly  raised  in  the 
same  localities,  the  manufacture  of  coke  is  usually  carried  on  in 
stationary  apparatus,  but  from  its  being  but  slightly  inflammable, 
and  requiring  a  good  draught  to  efiect  the  combustion,  its  produc- 
tion even  in  the  open  air  becomes  an  easy  operation. 

CartionlMitlon  In  Heaps. — The  earliest  method  of  manufacturing 
coke,  and  one  which  is  still  employed  in  the  present  day,  is 
the  carbonisation  in  heaps.  When  this  process  is  employed,  no 
external  covering  of  the  mound  is  used,  and  the  coking,  which  is  at 
first  carried  on  with  free  access  of  air,  is  finally  checked  by  the 
application  of  a  coating  of  breeze  or  earth  when  the  coke  has 
already  been  produced.  The  coke  meiler  is  always  erected  on  the 
same  station,  which  soon  becomes  covered  with  a  sufiicieut  amount 
of  breeze  for  the  purpose  for  which  it  is  used. 
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Instead  of  making  round  heaps  like  the  ordinary  forest  meiler, 
for  the  production  of  charcoal,  a  long  rectangular  mass  is  generally 
preferr^  as  by  this  means  a  much  larger  amount  of  coal  can  be 
operated  on  at  one  time.  The  length  of  these  piles  is  frequently 
fit)m  160  to  200  feet,  and  in  order  to  erect  them  a  line  is  first 
stretched  in  the  direction  of  the  axis  of  the  heap  throughout  the 
whole  length  of  the  coke  station.  Large  pieces  of  coal  are  now 
placed  on  either  side  of  this  string,  so  that  by  coming  together  at 
the  top  they  form  a  kind  of  triangular  gallery,  running  the  whole 
length  of  the  intended  meiler.  In  making  this  central  channel, 
it  is  of  importance  that  the  fragments  should  be  so  placed  as 
to  be  upright  with  relation  to  the  layers  of  deposition,  whilst  the 
fractured  surfaces  must  be  placed  at  right  angles  to  the  axis  of  the 
meiler.  A  second  series  of  blocks  of  coal  is  then  placed  on  the 
first,  and  these  are  again  covered  with  others  similarly  arranged, 
but  of  jpraduaUy  decreasing  size,  until  the  heap  has  attained  a  width 
of  six  feet  on  either  side  of  the  central  channel,  when  the  whole  is 
covered  with  a  coating  of  smaller  coal  about  two  feet  in  thickness, 
which  is  arranged  without  any  regard  to  its  stratification,  although 
care  is  taken  that  the  larger  fragments  be  placed  on  the  sides  of 
the  mound,  the  top  being  covered  with  small  dust  only.  In  order 
to  ignite  the  heap,  stakes  are  driven  at  regular  intervals  of  two 
feet  from  the  top  of  the  pile  to  the  central  canal,  and  these  being 
withdrawn  leave  a  series  of  chimneys  into  which  burning  coals 
are  introduced.  The  fire  is  thus  communicated  to  the  mass  in 
so  many  points  at.  the  same  time,  that  ignition  soon  becomes 
general,  and  the  coking  commences  through  its  whole  extent. 

The  person  in  charge  of  the  operation  has  now  to  prevent  the 
action  from  advancing  too  far,  and  as  soon  as  he  observes  that 
thick  smoke  and  fiame  have  ceased  to  be  evolved  from  any  parti- 
cular part  of  the  mound,  and  also  that  it  begins  to  get  covered 
with  a  coating  of  ash,  he  immediately  prevents  any  frirther  action 
by  covering  the  fiame  with  breeze,  which  being  closely  packed 
down  prevents  the  entrance  of  air,  and  quickly  deadens  the  fire. 
As  the  coking  advances  this  is  repeated  until  the  whole  heap  is 
covered  down,  when  it  is  aUowed  to  remain  two  or'  three  days 
to  cool,  care  being  taken  to  supply  it  with  a  thicker  covering  on 
the  side  which  is  exposed  to  the  wind  than  on  that  which  is  oppo- 
site. When  the  fire  is  nearly  extinguished  the  coke  is  withdrawn 
and  subsequently  cooled  by  the  use  of  water.  This  method  of 
making  coke,  although  extremely  simple,  is  far  from  being  eco- 
nomical, for  inasmuch  as  the  charring  commences  on  the  outer  and 
upper  parts  of  the  mound,  and  then  gradually  proceeds  towards 
the  central  and  lower  portions,  it  follows  that  the  surface  of  the 
heap  is  coked  before  the  central  parts  are  reached,  but  which  must 
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be  fully  charred  before  the  air  can  be  excluded.  The  outside  of 
the  meiler  is  therefore  burning  to  waste  without  the  possibility  of 
its  being  prevented,  and  the  central  portions  are  but  little  acted  on : 
at  the  same  time  that  the  surfisices  are  being  uselessly  consumed. 

Coklnv  In  Mounds. — A  more  economical  method  of  making 
coke  than  the  one  which  has  just  been  described,  is  that  repre- 
sented in  the  annexed  woodcut,  Fig,  86,    A  chimney  of  about 

three  feet  diameter 
at  bottom  is  loosely 
built  with  bricks 
on  the  siteof  the  in- 
tended meiler  bb. 
The  brick  work  of 
this  flue  has  a  num- 
"■  ber  of  holes  6,  made 
by  here  and  there 
leaving  out  a  brick, 
and  the  upper  part,  which  is  enclosed  with  solid  work  for  a 
short  distance  near  the  top,  is  provided  with  an  iron  cover. 
Around  this  chimney  the  coals  to  be  coked  are  placed  in  a  slightly 
inclined  position ;  the  largest  masses  are  piled  nearest  the  centre 
of  the  mound,  and  the  dimensions  of  the  other  pieces  gradually 
reduced  towards  the  outside  of  the  heap.  A  meuer  of  this  kind 
i^  generally  about  25  feet  in  diameter,  and  4  or  5  feet  in  height ; 
and  when  completed  its  surface  is  covered  with  a  coating  of 
breeze  four  or  five  inches  in  thickness,  which  is  well  packedA)wn 
for  the  purpose  of  excluding  the  air.  A  shovel  full  of  bxuming 
coals  is  now  introduced  through  the  perpendicular  chimney,  which 
soon  communicates  with  the  heap  through  the  various  apertures 
b,  and  the  mass  gradually  becomes  ignited,  beginning  n^m  the 
bottom  and  centre,  and  m)m  thence  spreading  in  the  direction 
of  the  covering  of  cinders.  Openings  made  in  the  foot  of  the 
meiler  admit  of  a  certain  quantity  of  air  passing  through  and 
escaping  by  the  chimney,  At  the  expiration  of  four  or  five  days 
the  fire  will  have  reached  the  covering,  which  then  becomes  red 
hot.  The  top  of  the  chimney  is  now  closed  by  an  iron  plate, 
and  the  apertures  at  the  foot  oi  the  pile  are  at  the  same  time  shut 
by  a  little  coke  dust  tightly  compressed.  After  being  allowed  to 
remain  for  two  or  three  days  the  coke  will  have  sufficiently  cooled, 
and  may  be  then  drawn  and  quenched  with  water. 

In  some  localities  no  covermg  is  applied  to  these  meilers,  and 
wlien  the  burning  coals  are  thrown  into  the  central  aperture,  the 
combustion  is  carried  on  by  the  air,  which  on  all  sides  enters 
freely  through  the  crevices  occurring  between  the  fragments  of 
coal  of  which  the  heap  is  composed.     When  any  part  of  the 
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moimd  becomes  coated  with  asb  it  is  immediatelj  covered  witb 
breeze  to  protect  it  from  further  action,  and  as  soon  as  the  whole 
sQifaoe  is  thus  attacked,  the  iron  plate  is  placed  on  the  top  of  the 
chimney,  and  the  mound  allowed  to  cool. 

Bj  this  method  a  less  per-centage  of  coke  is  produced  than  is 
obtained  £rom  that  now  to  be  described ;  but  it  has  still  one  advan- 
tage oyer  the  ordinary  heap— viz.,  that  the  coking  proceeds  from 
the  centre  towards  the  circumference,  which  is  not  the  case  in  the 
old  process. 

c«ki]i«  In  •veiM. — The  foregoing  methods  of  making  coke  are 
graduallj  becoming  superseded  by  oven  coking,  and  this  more 
particularly  in  those  localities  where,  the  price  of  co^  being  high, 
it  becomes  a  matter  of  importance  that  as  small  a  portion  as  pos- 
sible be  lost  during  the  operation.  The  furnaces  used  for  the 
production  of  coke  are  invariably  heated  by  the  combustion  of  a 
portion  of  the  fuel  with  which  they  are  charged,  and  not  at  the 
expense  of  a  distinct  quantity,  specially  consumed  in  a  separate 
fire-place,  for  the  purpose  of  raising  the  temperature  to  tne  re- 
quisite degree. 

When,  on  the  contrary,  coal  is  charred  in  order  to  obtain  the 
gaseous  products  of  its  distillation,  and  the  coke  nmde  ia  only 
regarded  as  a  secondary  product  of  the  manufacture,  the  opera- 
tion is  carried  on  in  dose  vessels  heated  by  distinct  fbe-places ; 
but  in  this  case  the  coke  produced  is  spongy,  and  consequently 
quite  unfit  for  metallurgical  purposes. 

The  ovens  employed  for  the  manufacture  of  coke  vary  so  much 
in  form  and  dimensions  that  it  would  be  impossible  here  to  give 
e?en  a  brief  description  of  all  those  which  are  in  general  use ;  but 
the  principle  involved  being  the  same  in  all  cases,  it  will  be  suffi- 
cient to  explain  the  construction  and  management  of  some  of  those 
most  frequently  employed.  Fig.  87  represents  a  coke  furnace  of 
a  very  common  form.  The  cavitv  of  the  oven,  which  is  about 
9  feet  in  diameter,  and  3  feet  6  inches  in  height,  is  internally  lined 
with  fire-bricks  well  jointed  in  refractory  clay.  The  form  of  the 
furnace  closely  resembles  that  of  a  compressed  bee-hive,  and  at 
the  top  of  the  dome  is  a  circular  aperture  or  chimney,  a,  which  can 
be  closed  by  an  iron  plate.  A  shghtly  arched  doorway  of  about 
2^  feet  square  is  also  left  at  b  for  the  purpose  of  charging  the 
oven  and  withdrawing  the  coke.  This  opening  is  strengthened 
by  a  heavy  cast-iron  framing,  c,  which  is  built  into  the  brick- 
work and  secured  in  its  place  by  iron  girders.  Where  large 
quantities  of  coke  are  manufactured  these  ovens  are  placed 
back  to  back  in  double  rows,  with  a  series  of  charging  doors  on 
either  side  of  the  long  mass  of  masonry  which  surrounds  them. 
The  charge  of  each  is  about  three  tons  of  coals,  which  are 
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tlirown  into  them  through  the  door,  6,  and  as  this  is  done  imme- 
diately after  the  withdrawal  of  the  former  charge,  and  whilst  the 


oven  is  still  extremely  hot,  the  coal  soon  begins  to  give  off  large 
quantities  of  inflammable  gases,  which  escape  through  the  aperture 
in  the  top  of  the  dome.  When  the  charging  is  finished,  the 
doorway,  b,  is  closed  by  fire  bricks  loosely  piled  up,  but  the  air 
has  still  free  access  into  the  furnace  through  the  openings  left  in 
the  stopping,  which  supplying  the  necessary  oxygen  to  the  gases 
evolved,  they  soon  ignite,  and  the  temperature  of  the  oven  and  its 
contents  is  rapidly  raised.  At  the  expiration  of  three  hours  the 
lower  holes  in  the  loose  brick  wall  are  closed,  to  prevent  the  access 
of  too  much  air,  which  still  finds  its  way  througn  those  which  are 
above,  and  escapes  by  the  chimney.  In  some  instances,  instead  of 
closing  the  charffe  hole  with  loose  bricks,  an  iron  door  lined  with 
tiles,  and  provided  with  draught  holes^  is  employed.  These  are 
successively  stopped  by  lumps  of  clay,  and  when  it  is  required 
to  exclude  the  air  entirely,  it  is  done  by  applying  a  sheet  (h  iron 
against  the  bricks,  and  luting  the  edges  with  clay. 

In  twentr-four  hours  after  charging,  the  upper  holes  are  also 
closed  by  plastering  them  over,  and  the  furnace  is  allowed  to  re- 
main twelve  hours  with  the  chimney  open,  duving  which  time  the 
remainder  of  the  gaseous  matter  is  expelled  by  the  heat,  and  passes 
off  in  flame  by  the  opening  in  the  (Some.  When  the  flame  emitted 
from  the  chimney  ceases,  which  usually  occurs  at  the  expiration 
of  another  twelve  hours,  it  is  covered  with  an  iron  plate  made  tight 
by  a  layer  of  sand,  and  the  whole  is  allowed  to  stand  for  twelve 

Digitized  by  VjOOQ  IC 


COEDTG  IF  OTBKS.  165 

more  hours,  for  the  purpose  of  moderating  the  heat  of  the  furnace 
and  its  contents. 

At  the  expiration  of  forty-eight  hours  from  the  time  of  charging, 
the  OTen  will  he  sufficiently  cool  to  admit  of  drawing,  and  the  door 
may  be  now  opened  without  causing  much  loss  by  the  burning  of 
the  coke.  A  large  iron  shovel,  dy  called  a  pelle,  suspended  by 
a  piece  of  chain  to  the  crane,  e,  is  now  thrust  between  the  coke 
and  the  bottom  of  the  oven,  and  as  the  weight  on  the  blade 
will  be  supported  by  the  crane  which  turns  on  its  axes,  a  large 
mass  can  be  taken  out  with  but  little  exertion  on  the  part 
of  the  workman.  The  swinring  of  the  small  iron  crane  enahles 
the  burner  to  place  the  heated  coke  on  any  part  of  the  paved  floor 
within  the  circle  described  by  its  extreme  end  and  the  point  of 
auspension,  and  as  soon  therefore  as  it  is  withdrawn  it  is  strewed 
thinly  on  the  CTOund,  and  rapidly  cooled  with  water.  When  it  is 
thus  extingui^ed  and  has  become  nearly  cold,  it  is  taken  up  in  a 
grated  shovel,  ^,  and  transported  by  means  of  iron  wheel-barrows 
either  to  the  place  where  it  is  stacked,  or  to  the  fdmace  in  which 
it  is  consumed.  The  grated  shovel  is  used  to  separate  the  breeze 
from  the  large  coke  as  the  former  falls  through  the  intervals 
between  the  bars,  so  that  the  latter  only  can  l>e  taken  up  and 
placed  in  the  barrows.  Iron  is  used  in  preference  to  wood  for 
makinff  the  coke  barrows,  both  on  account  of  its  being  incom- 
bustibte,  and  also  because  wooden  ones  would  soon  become 
destroyed  by  constant  friction  against  the  hard  and  rough  edges 
of  the  coke.  Fig.  88  represents  a  vertical  section,  and  Fig.  89 
a  ground  plan  of  a  furnace  of 
thiB  kind. 

Various  contrivances  have 
at  different  times  been  em- 
ployed to  facilitate  the  cooling 
of  the  ovens  during  the  last 
stage  of  coking ;  but  very  few 
of  these  have  come  into  ge- 
neral use,  as  the  increased 
efxpense  incurred  in  adapting 
them  to  the  furnaces  is  m  most  instances  more  than  equivalent  to 
the  advantages  to  be  derived  from  their  use.  One  of  the  best 
methods  of  hastening  this  cooling  of  the  coke  is  the  construction  of 
furnaces  with  air  flues,  not  only  under  the  refractory  lining  of  the 
bottom,  but  also  around  the  sides  of  the  oven.  During  the  first 
Bta(^  of  the  process,  all  connection  between  these  and  the  external 
mr  18  cut  off  Dy  iron  dampers,  but  as  soon  as  it  is  required  to  cool 
down  the  oven  for  the  purpose  of  drawing  the  charge,  the  air  is 
admitted  by  side  openingSy  and  escapes  through  a  set  of  wholes  left 
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for  that  purpose  in  the  upper  part  of  the  brick-work.  This 
cauBOB  a  oraught,  and  the  constant  influx  of  fresh  quantities 
of  cold  air,  which,  by  reducing  the  temperature  of  the  walls  of 
the  oven,  materially  shortens  the  usual  period  allowed  for  cooling. 
Where  many  ovens  are  employed,  and  in  localities  where  it  is 
desirable  that  the  smoke  produced  shall  be  carried  as  rapidly 
as  possible  from  the  neighbourhood  of  the  furnace,  a  long  flue  is 
constructed  along  the  top  of  the  whole  range,  and  by  this  the 
smoke  and  fumes  issuing  irom  the  openings  in  the  crowns  of  the 
ovens  are  carried  off  to  a  suitable  chimney.  In  this  case  the 
apertures,  instead  of  being  closed  with  an  iron  plate  as  above 
described,  are  shut  by  sliding  dampers  worked  either  by  a  lever  or 
by  a  pulley  and  counterpoise. 

The  ordinary  routine  of  coke-making  has  to  a  certain  extent 
been  recently  modified  by  the  Messrs.  Cory  of  Lambeth,  who  in 
their  factory  are  in  the  habit  of  cooling  the  coke  in  their  ovens 
before  it  is  drawn.  This  is  done  by  well  watering  it  as  soon 
as  the  operation  is  completed,  with  a  jet  supplied  by  a  powerful 
force  pump.  This  is  said  not  only  to  effect  a  saving  by  preventing 
any  loss  by  combustion  during  the  time  the  charge  is  being  with- 
drawn, but  also,  by  the  decomposition  of  the  water,  to  carry  off  any 
remainB  of  sulphur  in  the  form  of  sulphuretted  hydrogeu,  and  sul- 
phurous acid  gases.  Care  is  of  course  taken  that  the  i^irnace  be  not 
so  far  cooled  as  to  be  unable  to  inflame  the  succeeding  charge,  and 
as  the  whole  of  the  water  is  converted  into  vapour  before  reaching 
the  sides  of  the  furnace,  the  brick-work  is  not  in  the  slightest 
degree  injured.  The  coke  which  is  thus  cooled  in  the  furnace  is 
also  brighter  and  more  sonorous  than  that  manufactured  in  the 
ordinary  way. 

Another  form  of  these  furnaces  is  much  used  among  the  coal 
mines  in  the  north  of  England.  This  arrangement  is  that  com* 
monly  employed  in  the  neighbourhood  of  Newcastle,  and  has  the 
double  advantage  of  retaining  the  heat,  and  requiring  but  little 
brick-work  for  its  construction.  Each  single  fiimace  is  a  square  ten 
feet  deep,  twelve  feet  wide,  and  ten  feet  high.  The  top  is  arched, 
and  the  whole  thickness  of  the  side  walls,  including  tne  internal 
lining  of  fire  stone,  is  but  two  feet.  In  the  centre  of  the  arch  an 
aperture  2i  feet  square,  and  lined  with  a  cast  iron  ring,  is  left^ 
whilst  another  is  made  on  the  level  of  the  floor  for  introducing 
the  coals  to  be  coked.  This  opening  is  supplied  with  an  iron  casing 
which  forms  a  groove  in  whicn  the  door  shdes.  The  door,  which 
consists  of  an  iron  framing  filled  with  brick-work,  is  suspended  by 
a  chain,  and  is  raised  or  lowered  by  a  lever.  In  the  brick-work  of 
the  door  are  left  several  openings,  which  are,  however,  sometimes 
dispensed  with,  and  in  this  case  the  bricks  areloosely  placed  in  the 
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frame,  and  admit  sufficient  air  through  the  crevices  between  them 
for  the  combustion  of  the  gases  issuing  from  the  coals. 

The  charge  of  each  of  these  ovens  is  about  two  tons,  and  requires 
to  remain  about  48  hours  in  the  furnace  before  it  is  in  a  fit  state 
to  be  drawn,  which  is  done  by  an  iron  hook  used  specially  for  that 
purpose.  In  all  other  respects  these  ovens  are  managed  precisely 
like  those  last  described,  fresh  coal  being  thrown  on  as  soon  as  the 
coke  is  withdrawn,  and  a  certain  amount  of  air  admitted  during 
the  former  part  of  the  operation. 

In  this  country  large  quantities  of  tar  are  annually  furnished  by 
the  distillation  of  coal,  fin)m  which  gas  for  illumination  is  obtained, 
and  as  the  supply  may  be  considered  equal  to  the  demand,  the 
price  of  this  product  is  so  extremely  low  as  to  offer  but  little  induce- 
ment to  the  manufacturer  of  coke  to  take  measures  for  the  collec- 
tion of  that  which  is  constantly  being  driven  off  from  his  ovens  in 
the  state  of  vapour.  In  some  localities,  however,  the  case  is  very 
different,  and  from  the  high  price  obtained  for  tar  it  becomes  a 
matter  of  the  greatest  importance  that  as  small  a  portion  as  possi- 
ble of  this  fluid  be  allowed  to  escape  condensation. 

At  Ghleiwitz,  in  Silesia,  the  furnaces  used  for  this  purpose  are 
cylindrical  ovens  eight  feet  high,  and  about  six  in  diameter.  The 
upper  part  of  this  oven  is  arched  over,  and  has  an  opening  for  the 
escape  of  gases,  which  may  be  closed  by  an  iron  plate,  as  in  the 
furnaces  before  described.  The  charging  door,  which  is  on  a  level 
with  the  sole,  is  closed  by  piling  up  loose  bricks,  and  afterwards 
made  air-tight  by  applying  an  iron  door  on  the  outside,  and  stopping 
the  interstices  with  clay.  Besides  these  doors  the  furnace  is  also 
provided  with  a  series  of  air*holes  made  through  its  walls  at  diffe- 
rent heights  from  the  floor^  and  a  large  iron  pipe  is  fitted  into  the 
arched  brick-work  of  the  top  for  the  purpose  of  carrying  off  and 
coUecting  the  tarry  vapours  which  are  evolved.  These,  together 
with  the  gaseous  products,  are  conveyed  to  a  cistern  which  con- 
denses and  collects  the  former,  and  allows  the  latter  to  escape. 
In  the  cold  season  this  pipe  leads  directly  to  the  receiver,  but 
during  the  warm  weather  it  is  connectecl  with  a  series  of  zig- 
zag pipes,  which,  passing  through  cold  water,  act  as  a  refrigerator 
and  aid  the  condensation.  The  charge  of  one  of  these  furnaces  is 
from  35  to  40  cwt.  of  coals,  and  as  soon  as  it  has  taken  fire  the 
larger  openings,  and  all  the  air-holes,  except  the  lower  row,  are 
closed.  When  the  fire,  as  seen  through  these  apertures,  has 
assumed  a  reddish-yellow  colour,  the  holes  are  closed,  and  those 
opened  which  are  immediately  above  them.  On  closing  the  second 
series  of  holes,  the  third  is  opened,  and  so  on  untu  the  whole 
charge  has  been  sufficiently  and  regularly  ignited.  The  first  and 
second  rows  of  holes  ore  each  allowed  to  remain  open  ten  hours, 
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the  third  sixteen  hours,  and  the  fourth  and  last  series  three  hours, 
after  which  the  oven  is  allowed  to  remain  twelve  hours  to  cool,  and 
the  coke  then  drawn  and  quenched  with  water. 

The  coal  used  in  these  ovens  is  slightly  cakine  in  its  character, 
and  each  charge,  besides  yielding  53  per  cent,  by  weight,  or  74 
per  cent,  by  volume  of  good  coke,  produces  on  an  average  5^ 
gallons  of  tar.  The  same  coal  charred  in  meilers  affords  om^  47 
per  cent,  of  its  weight  of  coke,  and  this  far  more  spongy  and  friable 
in  its  nature  than  that  obtained  in  furnaces.  It  is  also  probable 
that  ammonia  might  be  manu&ctured  with  advantage  from  the 
water  associated  with  the  tar  thus  obtained,  although  it  does 
not  appear  that  it  has  yet  been  collected  for  that  purpose.  In 
this  country  the  low  price  of  tar  has  prevented  the  introduction 
of  furnaces  on  this  principle,  but  it  may  be  considered  certain  that 
by  the  adoption  of  properly  constructed  ovens  large  quantities  of 
the  volatile  alkali  might  be  collected  at  a  very  small  additional 
expense. 

It  is  evident  that  the  ammoniacal  vapour  must  be  principally 
evolved  during  the  first  stage  of  the  coking  process ;  and,  conse- 
auently,  if  for  a  short  time  after  the  charging  of  the  furnaces  the 
doors  were  securelv  closed,  and  the  gases  and  vapours  escaping 
from  the  coal  conducted  through  a  proper  refrigerator,  nearly  as 
large  a  proportion  of  ammonia  should  be  obtained  as  would  be 
procured  from  the  same  fuel  during  the  manufacture  of  coal  gas 
by  the  ordinary  method. 

Gt>od  coke  may  also  be  manufactured  from  the  small  partides 
and  dust  of  those  varieties  of  coal  which  have  the  property  of 
partially  melting  and  caking  when  strongly  heated.  These  small 
fragments  will,  on  being  charred  in  properly  constructed  appa- 
ratus, adhere  so  firmly  to  each  other  as  to  form  coke  quite  equal 
to  that  produced  from  the  larger  pieces.  At  St.  Etienne  a  trial 
was  first  made  by  pressing  the  moistened  small  coal  into  laree 
boxes  provided  with  moveable  pegs  corresponding  to  the  channelB 
and  auvholes  required  to  effect  the  coking.  These  cases  were  so 
constructed  as  to  admit  of  bein^  easily  taken  to  pieces  aftier  the 
coal  had  been  properly  forced  in,  and,  as  the  pegs  were  at  the 
same  time  withdrawn,  the  coal  was  thus  moulded  into  a  small 
meiler  provided  with  all  its  necessary  flues  and  channels.    This 

Erocess  was  found  to  yield  very  good  firm  coke,  but  the  amount  of 
kbour  reauired  to  form  the  mound  proved  to  be  too  expensive  to 
admit  of  oeing  advantageously  employed,  and  was  consequently 
abandoned  in  favour  of  the  frimace  fig.  90,  which  will  be  now 
described,  and  which  is  that  at  present  used  at  Bive  de  Oier,  on 
the  Loire,  for  coking  fine  coals. 
This  furnace  is  constructed  on  the  same  principle  as  an  ordinary 

Digitized  by  LjOOQIC 


COKWO  IN  OVEITS.  169 

baking  oven,  and  consists  of  a  flat  arched  space  with  an  even  sole. 
Like  those  before  described,  it  is  without  a  distinct  fire-place,  and 
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90. 

the  heat  retained  by  the  walls  of  the  apparatus  after  the  with- 
drawal of  one  charge  is  sufficient  to  cause  the  ignition  of  that 
which  succeeds  it.  The  floor,  a  a\  of  this  oven  is  an  oval  space, 
11^  feet  wide,  and  23  feet  in  length,  composed  of  a  bed  of  fire- 
clay six  inches  in  thickness,  spread  out  and  well  beaten  on  a  layer 
of  loose  stones,  h  b\  This,  again,  rests  on  a  mass  of  rubbish 
and  gravel,  C  C,  with  which  the  centre  of  the  foundation  is  filled 
up,  and  which  forms  the  immediate  support  of  the  bottom  of  the 
furnace.  For  the  purpose  of  charing  and  withdrawing  the  coke, 
two  openings,  d  d^,  are  placed  opposite  each  other  at  the  extremities 
of  the  lesser  axis  of  the  fiimace :  these  are  closed  by  doors,  two 
feet  high,  and  two  feet  eight  inches  wide,  made  of  iron  lined  with 
fire  bricks,  and  of  which  the  more  refractory  side  is  turned  towards 
the  oven.  Each  of  these  door-ways  is  provided  with  cast-iron 
linings,  e  e\  made  with  grooves,  in  which  the  doors  slide  when 
raised  or  lowered  by  means  of  the  chains  and  levers  to  which  they 
are  attached.  In  the  middle  of  each  of  these  doors  is  a  small 
opening,  through  which  the  workman  can  observe  what  is  going 
on  inside  the  furnace,  and  thereby  regulate  his  proceedings.  The 
greatest  distance  from  the  roof  to  the  sole  is  four  feet.  A 
small  chimney  G,  one  foot  six  inches  in  diameter,  and  one  foot 
five  inches  in  height,  is  placed  in  the  centre  of  the  dome,  A  A',  for 
tiie  escape  of  gases. 

The  whole  of  the  internal  lining,  except  the  floor,  is  composed 
of  fire-bricks,  and  the  arch  jointed  with  clay  instead  of  lime, 
in  order  to  render  it  better  ccdculated  to  withstand  the  heat  pro- 
duced. The  outside  of  the  furnace  may  be  of  either  brick  or 
stone,  but  should  be  covered  with  a  good  layer  of  mortar  mixed 
with  sharp  sand,  for  the  purpose  of  excluding  the  air  which  might 
otherwise  enter  through  the  jointings  of  the  work.  Should  any 
crack  occur  during  the  workmg  of  the  apparatus,  it  is  for  the 
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same  reason  carefullj  stopped  with  clay  kept  prepared  for  that 
purpose. 

The  Aimaee  is  charged  whilst  still  hot  from  the  preceding  ope- 
ration, and  the  layer  of  coal-dust,  which  is  about  ten  inches  in 
thickness,  should  be  evenly  spread  on  the  sole  by  iron  rakes. 
The  fine  coal  is  slightly  sprinkled  with  water  before  being  heated ; 
and,  if  it  be  of  a  very  caking  description,  the  layer  on  the  bottom 
of  the  furnace  should  not  exceed  eight  inches  in  thickness. 

During  the  first  two  hours  after  charging,  the  doors  are  entirely 
closed,  with  the  exception  of  a  small  sHt  at  the  bottom,  which 
affords  just  sufficient  draught  to  carry  off,  through  the  chimney, 
the  large  quantities  of  gases  and  vapours  which  escape  from  the 
charge.  This  stage  of  the  operation  corresponds  to  the  sweating 
period  of  the  charcoal  mounds,  and  it  is  found  that  the  more 
slowly  and  regularly  this  is  conducted,  the  larger  is  the  amount 
of  coke  produced. 

The  charge  of  one  of  these  ovens  varies  from  60  to  70  cubic  feet, 
according  to  the  more  or  less  caking  nature  of  the  coals  operated  on. 
At  the  expiration  of  two  hours  after  charging,  the  evolution  of 
vapours  rapidly  declines,  whilst  the  quantities  of  inflammable  gases 
given  off  are  much  increased.  After  a  short  time,  these,  mixing 
with  the  atmospheric  air  entering  beneath  the  door,  suddenly 
ignite  with  a  sort  of  explosion,  and  the  yellow  smoke  which  has 
mtherto  been  evolved  through  the  aperture  in  the  dome  is  (juickly 
replaced  by  a  cloud  of  a  much  darker  colour.  At  this  pomt  the 
charge  is  at  a  dull  cherry-red  heat,  and  it  becomes  necessary  to 
increase  the  temperature,  in  order  to  expel  the  last  traces  of  volatile 
matter.  This  is  done  by  raising  the  door  about  three  inches  from 
the  bottom  jam  of  the  mune,  and  the  fire  soon  draws  up  and  yields 
an  increased  quantity  of  dusky-coloured  smoke.  At  the  expira- 
tion of  three  quarters  of  an  hour,  the  smoke  gets  clearer  and  less 
sooty,  the  heat  of  the  charge  becomes  uniform  in  all  parts  of  the 
furnace,  and  the  coal  begins  to  split  into  large  columnar  frag- 
ments. At  the  end  of  tmree  hours  from  the  first  opening  of  the 
door,  the  mass  of  coke  is  usually  split  fix)m  the  surface  to  the  sole 
of  the  furnace,  and  at  this  stage  of  the  operation  they  are  closely- 
shut,  and  the  crevices  stopped  with  fire-clay.  The  heat,  which  is, 
as  it  were,  shut  up  in  the  waUs,  will  now  he  sufficient  to  complete 
the  charring  of  the  coals,  and  the  expulsion  of  the  last  traces  of 
gaseous  matter  is  effected  by  the  same  means.  After  thus  shutting 
up  the  fiimaoe,  the  flame  issuing  from  the  central  chimney  stifi 
flickers  for  a  short  time  over  the  opening,  but  gradually  becomes 
more  and  more  feeble,  until  it  flnaUy  dies  away  altogether.  The 
top  of  the  chimney  is  now  closed  by  an  iron  plate,  and  the  coke 
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drawn  witb  as  little  delay  as  possible,  in  order  to  prevent  loss  of 
heat  before  the  introduction  of  another  charge  of  coal.  Each  ope- 
ration requires  twenty-four  hours  for  its  completion,  and  as  soon 
as  the  coke  is  withdrawn,  it  is  sprinkled  with  water,  for  the  double 
purpose  of  cooling  it  more  rapidly,  and  also  of  producing  the  de- 
composition of  the  sulphur  compounds  which  nught  otherwise  be 
retained  and  render  the  coke  of  less  value  as  a  fuel. 

liVlien  one  charge  is  withdrawn,  another  is  placed  in  the  furnace, 
and  the  process  goes  on  without  intermission  until  it  is  necessary 
to  allow  the  oven  to  cool  for  the  purpose  of  examining  its  refrac- 
tory lining,  which,  if  made  of  good  bricks,  will  require  to  be 
repaired  about  once  in  six  months.  Tins  process  yields  better 
results  than  any  of  those  before  described.  At  Eive  de  Gier,  the 
annual  produce  of  coke  is  found  to  amount  to  69  per  cent,  of  the 
coal  employed,  and  even  the  worst  varieties,  which  are  there  sub- 
jected to  the  coking  process  in  these  ovens,  afford  from  60  to  65 
per  cent,  of  coke,  whilst  in  the  mound  from  45  to  50  per  cent,  only 
IS  obtained,  and  in  the  heap  even  rich  coal  rarely  yields  more 
than  from  40  to  45  per  cent. 

It  is  found  by  experience  that  coke  produced  in  the  furnace 
ia  denser  than  that  obtained  either  in  mounds  or  heaps ;  but,  on 
the  other  hand,  it  contains  a  larger  amount  of  sulphur,  and  is, 
on  this  account,  less  adapted  for  certain  purposes  in  which  that 
substance  is  prejudicial  tnan  that  prepared  in  the  open  air.  On 
cooling,  good  coke  splits  into  long  prismatic  masses,  in  some 
degree  resembling  basaltic  columns.  Its  colour  is  a  kind  of  steel- 
pey,  almost  approaching  in  some  places  to  silveiy  whiteness; 
but  the  surfaces  of  many  varieties  are  covered  with  an  iridescence 
supposed  to  be  dependent  on  the  presence  of  sulphur,  and  is 
therefore  a  property  by  which  its  value  is  by  no  means  enhanced. 
Like  charcoal,  coke  absorbs  moisture  from  the  air.  This  in  damp 
weather  sometimes  amounts  to  80  per  cent.  Coke  which  has 
been  for  a  long  time  exposed  to  the  air  and  damp,  becomes  soft 
and  friable,  and  is,  thereiore,  ill  fitted  for  many  purposes  to  which 
otherwise  it  might  be  applied. 

COICPABATITS  VALUE  OP  FU1BL8. 

It  must  be  evident  to  every  one  who  has  observed  the  combus- 
tion of  different  ^els,  such  as  wood,  peat,  charcoal,  pit-coal,  and 
coke,  that,  to  produce  a  given  calorific  effect,  very  varying  quanti- 
ties of  these  substances  must  be  consumed.  This  difference,  al- 
though less  apparent  between  distinct  specimens  of  the  same  kind 
of  fuel,  is,  however,  quite  appreciable  when  the  effects  produced 
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by  the  comboBtion  of  a  given  weight  of  each  variety  are  carefully 
compared. 

Various  methods  have  at  different  times  been  employed  for  the 
purpose  of  measuring  the  relative  amounts  of  heat  produced  by 
the  combustion  of  equal  quantities  of  fuels  of  varying  composition ; 
but  as  the  heat  evolved  can  in  no  instance  be  directly  estimated, 
the  calorific  values  of  the  substances  examined  must  in  all  cases 
be  judged  of  in  accordance  with  certain  physical  or  chemical 
effects  produced  on  a  third  body. 

In  order  to  ascertain  the  heating  power  of  any  substance,  the 
knowledge  of  two  thin^  is  necessary, — ^the  amount  of  heat  which 
it  is  capable  of  producing,  and  the  tune  necessary  for  its  develop- 
ment. The  results  thus  obtained  are  usually  known  as  the 
tkearetieal  efftcU  of  the  fuel.  Since  it  is  impossible  to  ascertain 
the  real  amount  of  heat  generated,  the  economic  value  is  always 
judged  of  by  comparing  its  effects  with  those  produced  under 
precisely  similar  curcumstances  by  other  varieties.  These  com- 
parative estimations  may  be  effected  in  various  ways,  aU  of  which 
are  sufficiently  accurate  for  practical  purposes.  The  more  ancient 
experiments  on  this  subject  were  all  conducted  on  the  same  prin- 
ciple, and  are  exclusively  physical  in  their  character. 

The  instrument  employed  for  this  purpose  was  called  a  calori- 
meter, and  the  amount  of  heat  produced  estimated  either  in  ao- 
cordance  with  the  quantity  oi  ice  melted,  or  the  weight  of 
water  elevated  to  a  certain  temperature  by  the  substance  op^ 
rated  on.  Both  these  methods  are,  however,  precisely  similar  in 
principle,  and,  from  the  following  considerations,  it  becomes  eas^ 
to  give  the  same  expression  to  the  results  obtained  by  either  modi- 
fication of  the  instrument.  It  has  been  foiind  by  Lavoisier  and 
Laplace,  that  the  quantity  of  heat  which  is  required  to  melt 
one  pound  of  ice  is  just  sufficient  to  elevate  the  same  weight  of 
water  from  0**  to  75®  C. ;  or,  what  is  precisely  the  same  thing,  to 
raise  0*75  Ibs.^  from  32^  Eahr.  to  the  boiling  point.  Clement  and 
Desormes  have  also  shown  that  a  given  weight  of  aqueous  vapour, 
whatever  may  be  its  temperature  or  tension,  is  alwa^rs  produced 
by  the  same  quantity  of  heat;  and  therefore  contains,  and  is 
capable  of  again  yieldmg  to  other  bodies,  an  exactly  equal  amount. 
Moreover,  according  to  the  same  authorities,  the  heat  absorbed  so 
as  to  no  lon£^r  affect  the  thermometer  (latent  heat)  during  the 
conversion  of  water  into  steam  is  h'h  times'  greater  in  quantity 

^  Aooording  to  the  more  recent  eiperimentB  of  Begnanlt,  this  number  muBt 
be  lused  to  0^9. 
'  According  to  Bom&rd,  5*67. 
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than  that  which  is  required  to  raise  the  same  weight  of  water  from 
(f  to  100°  C. ;  and  it  therefore  becomes  easy  to  calculate  how 
much  water  could  be  evaporated  from  its  boiling  point  by  the 
quantity  of  heat  necessary  to  melt  one  pound  of  ice.    This  will 

be  found  equal  to  ^  =  0-154  lbs.  of  water. 

The  following  table,  extracted  from  Knapp's  Technology,  gives 
the  results  of  Count  Eumford,  as  obtained  by  his  water  calori- 
meter:— 


One  Found  of  the  following  kinds  of  Wood, 

Pounds  of  Water  from 

when  burnt,  'will  heat 

82°  to  212^. 

1.  limetree  wood. 

Dry  wood,  4  years  old  . 

,     34-707 

„      „     sHghtly  dried       . 
„       „     strongly  dried      . 

.    88-833 
.    40131 

2.  Beech  wood. 

Dry  wood,  4  or  5  years  old   . 

.    33-798 

„       „     strongly  dried      . 

.    36476 

3.  Elm  wood. 

"Wood  dried,  4  or  5  vears  old 

„      strongly  dried     ,        .        ,        , 

.    30-205 

,    34083 

„      dried  brown        .         .        .         . 

.    30-900 

4,  Oak  wood. 

Common  fire  wood,  in  small  shavings    . 

.    26-272 

The  same,  in  thicker  shavings 

.    25-690 

„        in  thick  shavings  . 

.    24-748 

„        dried  in  the  air    . 

.    29-210 

Very  dry  wood,  in  thin  shavings   . 

.    29-838 

„             „       thicker     do. 

.    26-227 

5,  Ash  wood. 

Common  dry  wood 

The  same,  dried  in  air,  shavings    . 

.    30-666 

.    33-720 

„        shaving*  dried  in  an  oven 

.    35-449 

6,  Sycamore  wood. 

Strongly  dried  in  an  oven     , 

.    36117 

7.  Wood  of  Mountain  Ash. 

Strongly  dried  in  an  oven     . 

.    36-130 

Dried  brown         .... 

.    32-337 

8.  Wood  of  Bird  Cherry. 

Dried  wood          .... 

.    33-339 

Strongly  dried  in  an  oven     . 

.     86-904 

Dried  brown        .... 

.    34-736 
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One  Pound  of  the  following  kinds  of  Wood,  Pounds  of  Water  from 

when  burnt,  will  heat  32**  to  212°. 

9.  Fir  wood  (Deal). 

Ordioarjr  dry  wood       ..*...  30*332 

Well  dned  in  the  air,  in  shayings .        .        .  34*000 

„  in  an  oven,  in  shavings        .         .  37*379 

„  brown  in  shavings       .        ,         .  33*358 

„  in  thick  shavings  .        .  28*695 

10.  Poplar  wood. 

Wood,  dried  in  the  ordinary  manner     .  34*601 

„       strongly  dried  in  an  oven  .        .        ,    37*161 

11.  Hornbeam. 

Dried  wood  (ordinary)  ....    81*704 

It  was  first  remarked  by  Welter  that  the  amount  of  heat  pro- 
duced by  burning  bodies  is  in  direct  proportion  to  the  quantity 
of  oxygen  required  to  effect  their  combustion.    This  circum- 
stance, which  was  originally  deduced  jfrom  the  calorimetrical  ex- 
periments of  Laplace,  Eumford,  Lavoisier,  Despretz,  and  others, 
IS  now  generally  admitted  as  an  established  met,  and  has  given 
rise  to  a  new  and  very  convenient  method  of  estimating  the 
calorific  value  of  fiiels.    This  process,  invented  by  Berthier,  con- 
sists in  heating  a  known  weight  of  the  substance  in  fine  powder, 
with  a  large  excess  of  litharge,  which,  being  decomposed  by  the 
combustible  matters  of  the  fuel,  yields  a  button  of  lead  pro- 
portionate to  the  quantity  of  those  substances  present.     Every 
atom  of  oxygen  thus  abstracted  from  the  litharge  will  neces- 
sarily give  rise  to  the  production  of  an  atom  of  metallic  lead,  and, 
consequently,  a  tolerably  accurate  measiirement  of  the  relative 
heating  values  of  different  kinds  of  fuel  is  obtained  by  weigh- 
ing the  button  of  lead  produced  under  perfectly  similar  cir- 
cumstances by  a  given  weight  of  each  variety.    When,  however, 
it  is  required  to  ascertain  what  quantity  of  water  would  be  ele- 
vated from  32°  to  212°  Fah.  by  the  combustion  of  a  given  amount 
of  any  particular  fuel,  it  is  found  necessary  to  refer  the  results  to 
the  known  calorific  value  of  a  single  combustible  substance.    For 
this  purpose,  carbon,  which,  according  to  Despretz,  requires  2*666 
times  its  weight  of  oxygen  for  its  perfect  combustion,  is  generally 
cbosen.    If  mis  be  abstracted  from  litharge  entirely  free  from  the 
higher  oxides  of  lead,  each  portion  of  carbon  will  afford  34*5  parts 
of  metallic  lead ;  and  if  we  frirther  admit,  in  accordance  with  the 
results  of  the  above-mentioned  chemist,  that  the  same  amount  of 
carbon  will  elevate  7815  parts  of  water  from  32°  to  212°  F.,  it 
follows  that  each  amount  of  lead  corresponding  to  a  unity  of 
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carbon,  whicb  may  be  reduced  by  any  kind  of  fuel,  correspond 

78*15 
to  — -  =  2'265  parts  of  water  raised  by  its  combustion  from  32® 

to  212°. 

The  calorific  value  of  a  substance  may  be  estimated  with  still 
greater  accuracy  from  the  results  obtained  by  its  ultimate  analysis 
made  according  to  the  methods  to  be  hereafter  described.  As  one 
equiy.  of  carbon  requires  2*666  parts  of  oxygen  for  its  combustion, 
and  an  imity  of  hydrogen  takes  rather  more  than  triple  that  quan- 
tity, or  eight  parte,  it  follows  that  the  amount  of  oxygen  required 
for  the  combustion  of  a  substance  containing  C  parts  of  carbon, 
H  parts  of  hydrogen,  and  O  parte  of  oxygen,  will  be  expressed  by 
C  ^  2*666  +  (H — h)  8  =  a?,  in  which  h  represents  the  amount  of 
hydrogen  corresponding  with  0  parts  oi  oinr^en,  and  must  be 
evidently  deducted  from  the  amount  containea  m  the  fuel.  If,  on 
the  contrary,  it  be  required  to  find  the  quantity  of  water  which 
should  theoretically  be  evaporated  by  a  given  weight  of  any  parti- 
cular fuel,  of  which  the  ultimate  composition  is  known,  the  formula 
,                  Cx  13268 +  H-hx  62470  _        ^  .     . ,  ^^    ^ 

becomes ^rrz =  x.    Here  C  is  the  quantity  of 

carbon,  H  the  quantity  of  hydrogen  contamed  in  a  unit  of  fuel, 
and  h  the  quantity  of  hydrogen  corresponding  to  the  per-centage 
of  oxyfi^en  contained  in  the  substance  examined.  These  multiplied 
by  their  respective  heating  powers,  according  to  the  experiments 
of  Dulong,  and  divided  by  the  latent  heat  of  steam,  word  the 
required  result.* 

The  calorific  values  of  various  kinds  of  ^el,  as  calculated  by 
these  formulie,  are  given  in  the  following  tables : — 
Different  kinds  of  Wood. 


Species 

of 
Wood. 

Pounds  of  Lead 

reduced  by 
lib.  of  Wood. 

Pounds  of  Water 

which  1  lb.  of 

Wood  can  heat 

from32°to212^ 

Pounds  of  Water 
which  lib.  of 

Wood  can  eva- 
porate from 
212''  Fah. 

Observers. 

Oak  wood 

12-50 

28-30 

6-27 

Berthier. 

Ash     .    . 

14-96 

3207 

5-97 

Winkler. 

Sycamore. 

1810 

29-70 

5-58 

Berthier. 

Beech.    . 

1370 

3100 

6-77 

9) 

Fir.     .     . 

U-50 

32-80 

6-11 

Fine    .    , 

13-70 

31-00 

5-77 

}} 

Hornbeam 

12-50 

28-30 

6-27 

Elm    .     . 

14-50 

32-84 

612 

Winkler. 

Poplar 

1304 

2954 

5-60 

n 

Lime-tree 

1          14-48 

32-80 

6-11 

M 

^  The  coefficient  of  the  latent  heat  of  steam  at  212°  Fah.  is  generally  taken 
at  1000°.  The  above  number  is  from  the  recent  experiments  of  Be^^nault  on 
this  subject.  Digitized  by  Google 
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TOBL. 


Varietiea  of  Peat. 


Poondsof 

POands  of 

Poands  of 

Water 

Water 

Locality. 

Lead 
reduced  by 

which  lib. 
of  Peat 

5"m.'J£;0'»^"- 

1  lb.  of 
Peat. 

can  raise 
from  33®  to 

evaporate 
fl-om  21S°. 

212°. 

Peat  fipom  Troyefl  .... 

8.0 

181 

8-37  \ 

„      Ham,  Dep.  de  la  Somme 

12-3 

27-9 

5-2 

„      Bassj,  Dep.  de  la  Mame 

130 

29-2 

5-4 

Borthier 

„      K<migsbrunn,Wirtemberg 

14-8 

32-4 

6-0     • 

„      Fniinont,Dep.  desYoges 

15-4 

84-9 

6-6 

„      Ischoux,  Dep.  des  Landes 

16-3 

34-6 

6-4  ; 

Prom  Allan  in  Ireland,  Upper 

27-7 

62-7 

11-5   ) 

„               „           Lower 

250 

66-6 

10-5 

Grifflthfl. 

Pressed  Peat          .... 

13-7 

280 

5-2  ) 

Brown  Coal. 


LoeaUty. 


Pounds  of 

Lead 

reduced  by 

lib.  of 

Coal. 


Pounds  of 

Water 

which  lib 

of  Coal 

will  heat 

ftrom  32° 

t0  212». 


Pounds  of 
Water 

which  1  lb, 

of  Coal 

will 

evaporate 

from  212°: 


Observers. 


Saint  Martin  de  Yaud  (Canton  de 
Yaud) 

Minerme,  Dep.  de  TAude 

Faveau  

Enfant  Dort 

Koep  Fuarch,  Lake  of  Zurich 

Yal,  D^p.  de  la  Sarthe 

Common  Gkrman  .     '   . 

Elbogen,  Bohemia 

Kumi 

Earthy  Coal  firom  Dai    . 

„  Bouches  diiBbdne 

„  Lower  Alps 

„  GJreece 

„  Cologne      . 

„  Uanach 

Helmst^t,  Prinz  Wilhelms*  Mine 

Schoningen    .... 


22-6 

22-8 

21-0 

210 

20-7 

19-26 

18-40 

18-20 

16-80 

21-88 

18-89 

16-69 

17-84 

18-24 

16-90 

20-17 

1876 


61-20 
6160 
47-60 
47-60 
46-90 
43-60 
41-70 
41-20 
88-80 
48-81 
42-69 
87-71 
40-31 
41-22 
86-93 
46-68 
4239 


9-54"^ 

9-61 

8-87 

8-87 

8-67 

8-12 

777 

7-68 

7-28 

9-00'\ 

7-96 

7-02 

7-51 

7  68  I 

6  69/ 

8-49) 

7-90  > 


Berthier. 


Regnault. 


Varren- 
trapp. 


Digitized  by  LjOOQIC 
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Pounds  of 

Poandt  of 

Water 

Water 

Peundsof 

irhicb  1  lb. 

whlcb  1  lb 

Name  of  Coal  tnd  LooOlty  where  it  is 

Lead 

of  Coal  is 

of  Coal  is 

raised. 

reduced  by 

capable  of 

capable  of 

Observers. 

defatinr 
fromSr 

eyapora- 
tinirflpom 
2I#»  Fab. 

to  air. 

Gakhv  Coab :— 

ji  (  Aberdar«  Of /a  Merthyp  . 

8412 

77-11 

14-371 

"3 

Hill's  Plymouth  Works  . 
Nixon's  Merthyr     . 

M'06 

76-97 

14-34 

o 

98-20 

75-53 

13-98 

1 

Thomas's  Merthyr  . 

82-96 

74-48 

13-88 

Neath  Abbey. 

81-20 

70-51 

13-14 

^VBockVawr     .        .        .        . 

28-92 

65-35 

12-18 

Sinter  CobIb:— 

2     /'Blackley  Hurst     . 
i^S  Bushy  Park  Mine         .        . 
Sa  1  Blackbrook  Little  Ddf 
J     (.Laffiik  Busby  Park 

29-58 

66-85 

12-56 

28-98 

65-49 

12-20 

28-68 

64-81 

12-08  • 

Phillips. 

26-88 

60-74 

11-32 

•     /Newcastle  Hartley 

31-86 

72-00 

18-42 

1^  N  Cbrr's  Hartiey       . 
1 8  )  Hedley's  Hartley  . 
I^C  Steam-boat  Wallsend    . 

80-90 

69-83 

1301 

30-86 

68-61 

12-78 

28-80 

65-08 

1213 

Sand  Goals:— 

Scotch   CWellewood 
Coals.    lEglinton 

28-88 

64-13 

11-94 

24-82 

54-96 

10-24^ 

Osking  Goals  :— 

BiTedeGier          .        .        .        . 

29-60 

67-0 

I2-48"! 

Mons,  Grand  Gaillet      . 

281 

63-6 

11-85  1 

Bochebelle,  AUais  .... 

27-6 

62-5 

n-65 

Bonchamp,  Haut  SAone 

27-8 

61-8 

11-61 

,    St.  Pierre  la  Gour^  Mayenne  . 

27-0 

611 

11-38 

Epinac,  Saone  et  Loire  . 

26-8 

eO'f 

11-31 

Treiul,  near  St.  Etienne 

26-4 

67-& 

10-71 

Sinter  Goals  :— 

Berthier. 

St.  George's  de  Lavencas  Aveyron  . 

24-0 

54-5 

10-15 

Ombrowa,  Silesia  .... 

21-2 

480 

8-94 

Salin,  Jura 

21-0 

47-5 

8-85 

Yaxas  SlaTonla       .        .        .        . 

19*4 

43-9 

818 

Sand  Coals :— 

Bolduc  near  Aix-la-Ghapelle  . 

31-0 

70-2 

13-08 

Zinsweyer,  near  Oilfonberg 

22-2 

60-3 

9-37^ 
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ruEL. 


Anthracite. 

Poandiof 

Foil  add  of 

F^UDCUOf 

Wnter 

Wactr 

Lend 

which  I  lb. 

which  1  lb. 

JUsciiUtI, 

reclat'edby 
lib.  of 

of  Anthra- 
cite will 

of  ADthra- 
ate  will 

QbMnrttt*, 

Antbricile 

elevate 
from  ZT  to 

eviipc»rate 
froiD  ai2^. 

Latniire,  Crrtjnobb 

31.6C* 

71-50 

13-3^  ] 

1 

1 

Penmj^lvflnia  ..... 

3050 

69*10 

12-88 

1 

330 

U-7 

|3'92 

BertMOT* 

„      kBracomere 

M'6 

60-2 

11-22 

Corbattrie      ..... 

S6-7 

60*5 

11-37 

Llanguickej  GlamorgtmHhir^  . 

3348 

75^73 

14*11 1 

t5u;tu„= 

Sli»sFankgh,  Tippemry   . 

3010 

7044 

13*12) '""^t'"! 

Charcoal. 


MadeiW)m 


Pounds of 

Lead 
reduced  by 

lib.  of 
Charcoal. 


Pounds of 
Water 

which  lib. 
of  Char, 
coal  will 

heat  from 

82°to212^ 


30-6 

30-6 

29-6 

29-5 

323 

82-4 

31-4 

31-3 

33-67 

33-26 

32-79 


Pounds  of 
Water 

which  lib. 
ofChar- 
coalwiU 

evaporate 

from  212° 
Fah. 


P  On  an 
>  averaee 

"^  On  an 
(average 
3    757 


Obsenrers. 


12-6 


13-4 


137 


Berthier. 


Winkler 


Peat  Charcoal. 

Locality. 

Pounds  of 

Lead 
reduced  by 
lib.  of  Peat 
CharcoaL 

Pounds of 

Water 
which  1  lb. 
ofPteat 
Charcoal 
will  heat 
from  32° 
to  212°. 

Pounds of 
Water 

which  1  lb. 
of  Pftat 

Charcoal 
will 

evaporate 

from  212°. 

Observers. 

CotLPcy-8ur-Ourcq  .... 

Ham 

Sssone 

Framont,  made   from   Peat    fix>m 
Champ-de-feu     .... 

177 
18-8 
22-4 

26-0 

401 
407 
607 

68-9 

7-47'l 
777 
9-46  ' 

10-79^ 

Berthier. 

<3^^    ■ 
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Coke. 


Locality  of  Coal  from  which  the  Coke 
was  made. 

Poands  of 

Lead 

reduced  by 

lib.  of 

Coke. 

Pounds  of 

Water 

which  lib. 

of  Coke 

will 

elevate 

from  33°  to 

2ia°. 

Pounds  of 
Water 

which  1  lb. 

of  Coke 

wiU 

evaporate 

trom2lV 
Fah. 

Observers. 

St.  Etienne,  prepared  at  la  Garre   . 
Bess^ges,  ATejron 

BiTedeGier 

Coke  from   the   Luxembourg  gas 

factory,  Paris      .        .        .        . 

Tanfield,  Durham  .... 

28-5 
28-4 
260 

22-2 
81-68 

65-6 
643 
68-9 

60-8 
71.59 

12-2  X 
120 
10-9   • 

9-4 
13-34 

Berthier. 
Phillips. 

imitteBce  of  Time  on  the  Action  of  Fuels. — ^The  consideration  of 
the  actual  heating  power  of  different  kinds  of  fuel,  without 
reference  to  the  time  necessary  for  the  production  of  the  heat 
evolved,  would  afford  very  superficial  and  erroneous  ideas 
relative  to  their  respective  economic  values.  K  we  refer  to  the 
foregoing  tables,  it  will  be  found  that  the  softer  and  lighter 
varieties  of  wood  possess  higher  calorific  values  than  those  which 
are  more  compact,  and  have  consequently  a  greater  density.  This 
is  precisely  the  reverse  of  what  might  be  expected  from  actual 
experience,  but  when  carefully  examined,  this  apparent  anomaly 
is  easily  explained.  On  consulting  the  table,  page  125,  showing 
the  ultimate  composition  of  the  various  kinds  of  wood,  it  will  be 
observed  that  the  lighter  and  more  inflammable  varieties  contain 
a  larger  amount  of  hydrogen  than  the  harder  and  less  combustible 
kinds.  In  pure  woody  fibre,  the  relative  proportions  of  oxygen 
and  hydrogen  are  such  as  by  their  union  to  form  water,  whilst  in 
all  the  different  kinds  of  wood  which  have  been  examined  there 
is  a  constant  excess  of  the  latter  over  the  former.  This  excess  is 
more  considerable  in  sofb  woods  than  in  hard.  In  oak  the  excess 
of  hydrogen  above  that  necessair  to  combine  with  the  oxygen 
amounts  to  5-08  parts  in  1000,  wnilst  in  common  deal  it  amounts 
to  9-50.  When  these  woods  are  strongly  heated,  the  excess 
of  hydrogen  combines  with  a  portion  of  the  carbon  present, 
and  gives  rise  to  the  formation  of  gaseous  hydrocarbons,  at  the 
expense  of  the  fixed  carbon  or  charcoal,  which  would  otherwise  be 

S reduced.  These  gases  igniting  with  extreme  readiness,  pro- 
nce  much  flame,  and  the  woods  from  which  they  are  evolved 
consequently  consume  with  much  greater  rapidity  than  those  in 
which  the  hydrogen  and  oxygen  exist  more  nearly  in  equivalent 
proportion.  When  such  woods  are  applied  to  heating  purposes, 
it  is  generally  found  that  they  evolve  their  heat  more  rapidly  than 
the  apparatus  in  which  they  are  consumed  is  capable  of  absorbing  it, 
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and  a  considevable  portion  is  therefore  lost,  from  the  circumstance 
of  a  certain  time  bemg  required  by  all  arrangements  to  appropriate 
the  heat  which  maj  be  deyeloped  by  the  combustion  of  the  fuel 
consumed.  When,  on  the  contrary,  a  wood  is  employed  in  which 
the  excess  of  hydrogen  is  yery  small,  but  little  flame  is  produced, 
and  as  the  combustion  goes  on  slowly,  and  the  heat  is  produced 
regularly,  the  greater  proportion  of  that  generated  becomes  ayail- 
able,  and  the  fuel  yields  a  practical  effect  superior  to  those 
yarieties  which  in  reality  possess  a  higher  calorific  yalue. 

It  follows  from  these  con»derations,  that  a  fuel  which  may 

E reduce  the  best  efEodsa  in  an  apparatus  proyided  with  a  large 
eating  surface,  may  be  but  ill  fitted  to  be  employed  in  one 
differently  constructed,  as  each  yariety  requires  its  own  time 
to  eyolve  the  heat  which  it  is  capable  of  deyeloping.  For  this 
reason  the  harder  woods  are  most  generally  preferred,  but  when  a 
yery  intense  heat  is  required,  as  in  the  case  of  the  porcelain 
furnace^  it  is  best  obtained  by  the  employment  of  the  softer 
yarieties^  it  being  only  necessary  that  the  apparatus  be  so  con- 
structed as  to  absorb  the  heat  eyolyed  with  sufficient  rapidity. 
The  results  obtained  by  the  use  of  any  giyen  fuel  also  depend  in 
a  great  measure  on  the  size  of  the  fragments  into  which  it  is 
diyided.  If  it  be  thrown  on  the  fire  in  large  pieces,  it  bums 
slowly,  and  a  largji  proportion  of  the  heat  generated  is  absorbed. 
If  it  be  wood  that  is  employed,  and  instead  of  being  burnt  in  the 
form  of  large  logs,  it  be  first  diyided  into  shayinss,  the  com- 
bustion will  be  sa  rapid  that  a  large  portion  of  the  heat  will,  for 
all  useful  purposes,  be  lost.  This  arises  from  the  greater  fatality 
with  which  the  consuming  air  comes  in  contact  with  it,  when  in 
the  form  of  shayings.  If,  howeyer,  the  fra^ents  are  still  further 
reduced  in  size,  the  smallness  of  the  partides,  and  the  close  con- 
tact existing  between  them,  excludes  the  entrance  of  the  necessary 
supply,  and  for  this  reason  it  is  extremely  difficult  to  obtain  any 
avauable  heat,  either  from  saw-dust  or  yery  finely  diyided  coal.* 

What  has  been  said  chiefly  with  reference  to  wood,  also  applies 
to  the  other  kinds  of  fuel,  as  they  are  all  influenced  by  their  state 
of  diyision,  and  the  excess  of  hydrogen  which  they  contain.  With 
regard  to  pit-coal,  it  has  been  stated  that  practically  the  coke 
which  it  produces  alone  acts  as  a  heating  agent,  and  that  the 
hydrogen  and  hydrocarbons  generated  merely  afford  by  their 
combustion  sufficient  heat  to  counterbalance  that  absorbed  by  the 
escaping  gases.  The  effects  obtained  will  necessarily,  in  a  great 
degree,  depend  on  the  nature  of  the  apparatus  in  which  the  fuel  is 

*  This  difficulty  ib  at  present  in  a  great  degree  remoTed  by  boming  the  small 
coals  on  a  grate  so  ooTered  with  loose  lamps  of  stone  as  not  only  to  prevent 
their  falling  throngh,  bat  also  to  spread  the  supply  of  air  through  the  interstices 
of  the  fuel.  .  -  . 
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consumed,  but  wherever  a  very  high  temperature  is  to  be  attained 
in  a  small  space,  and  considerable  pressure  is  to  be  borne,  coke 
can  with  the  pireatest  advantage  be  employed. 

The  followmg  Table,  from  The  First  Eeport  on  Coals  suited 
to  the  Steam  JTavy,  by  Sir  H.  T.  De  la  Beche,  and  Dr.  Lyon 
Play&ir,  shows  not  only  the  effects  actually  produced  by 
several  varieties  of  ooal  in  a  well-constructed  arrangement,  but 
also  those  theoretically  possible,  together  with  the  relation  exist- 
ing between  the  calorific  values  of  their  various  constituents. 


Number 

oflbs.  of 

Nmnber 

Nnmber 

Total  nnm- 

Actual 

Water  con- 

oflbt.of 

oflba.of 

beroflba. 

nnmber  of 

rertible 

Water  con. 

Water  con- 

of Water 

lbs.  of 

Per-cen- 

Name  or  Locality 
of  OoaL 

into  Steam 

vertible  into 

vertible  into 

convprtible 

Water  con- 

taireof 
Coke  left 

by  the 

Steam  by 

Steam  bytbe 

into  Steam 

verted  into 

Coke  left 

the  cirbon 

bydrojreq 

br  1  lb,  of 

Stemnt  by 

te' 

by  Coal. 

of  Cq«1. 

ot  Cc*L 

Coal. 

lib,  ofCoRU 

TbrorellcnK 

Theoretical. 

Theoretic*]. 

PtacticmL 

Wthh  Coah  ; 

Graigok 

11301 

11-660 

1-903    i 

13663 

9-36 

85*6 

An  thjiicite(  Jones 

and  Auljrey)    , 

12'5S4 

12563 

SC^ 

1459S 

9*46 

92-9 

Old  Cafitk  Fiery 

Vein 

10-601 

12046 

2-890 

14936 

8-94 

79-8 

Ward^B  Fiery  Vdn 

a 

12-072 

2543 

14*614 

9-40 

t? 

Binea 

11-660 

13-181 

2-912 

15-093 

9-94 

88*10 

LUngennech 

I05a9 

10*741 

2*519 

14-260 

8-86 

83  69 

P^trefcllin 

10841 

11-749 

2-038 

13787 

6-36 

85*0 

PoweU's  Duffiyn 

lMa4 

12126 

2*966 

15-092 

1015 

84-3 

MjnyddNowydd 

9^831 

11-463 

3-441 

14-904 

9-52 

74*8 

Three       Qtiatler 

Koct  Vein       . 

7-081 

10-325    1 

2*781 

13-106 

8*84 

62*6 

CwmF^DodEock 

Vein 

8-6as 

11300 

3*488 

14-788 

8*70 

68*8 

Cwm  NAnty  Gros 

8S43 

10767 

3-165 

13'932 

8-42 

666 

IU«ohen 

10-234 

10-899 

3-072 

13-971 

9-53 

83*3 

Pontjpool  . 

8144 

11-088 

3-307 

14  295 

7'47 

64^8 

BedwM       .         . 

8^897 

11075 

3*766 

14-841 

9-79 

717 

Ebbw  Vale 

10-441 

12-335 

3-3O0 

15*635 

1021 

77& 

Porthmawr  Book 

Vein       .     ,     . 

6647 

10-263 

2-648 

12*811 

7-53 

63*1 

ColeshiU      . 

6*468 

10-146 

2-654 

12799 

8-00 

560 

Scotch  Coals  I 

DaiJEeith      Jewel ' 

Seam     ,     ,     , 

6'239 

10-242 

2H)71 

12-313 

7-09 

49*8 

Dalkeith  Corona- 

tion Seam 

6-924 

10-570 

2-202 

12772 

7*71 

69-5 

Elgin  WftUiend  . 

6-560 

10-464 

2*968 

13-422 

8*46 

68-46 

Fordfil  Splint      . 

6-560 

10^933 

2*884 

13-817 

7-66 

63-03 

Grangemouth      . 

7*292 

10-^0 

2722 

13692 

7*40 

&6-6 

MnglUk  : 

BromMl    . 

7-711 

11225 

3-638 

14-863 

7'30 

59*2 

IriMh, 

SUmmeihgh   (an- 

thrMnte) 

10BG5 

10'M5 

1-487    1 

12-483 

9*85 

90*1 
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OP  THE  YABIOirS  METHODS  FOB  ASOEBTAINING  THE  BELATIYB 
VALTTE   OF  FUELS. 

Those  fuels  which  possess  the  highest  calorific  powers  are  not 
always  such  as  should  be  invariablj  selected  for  practical  pur- 
poses, as  they  may  nevertheless  be  subject  to  disadvantages 
which  more  than  counterbalance  this  property.  It  is  therefore 
necessary  to  ascertain,  by  experiment,  wnat  are  the  peculiar 
characteristics  of  each  variety,  so  as  to  be  enabled  to  select  from 
among  a  number  such  as  ma^  be  most  economically  employed  for 
the  particular  purpose  to  which  the  fuel  is  to  be  applied. 

Estimation  of  Aili. — If  the  substance  to  be  exammed  be  a  wood, 
it  should  be  first  reduced  to  fine  powder,  by  means  of  a  rasp,  or  if 
it  be  friable,  such  as  charcoal,  pit-coal,  or  coke,  it  may  be  pounded 
in  an  iron  mortar. 

A  weighed  portion  (about  10  grains)  of  the  pulverised  fuel  is 
then  placed  either  in  a  platinum  or  porcelain  crucible,  and  ignited 
over  a  gas  flame,  until  the  whole  of  the  combustible  matter  is 
consumed.  The  residue  is  subsequently  weighed,  and  from  the 
amount  left  the  per-centage  of  incombustible  matter  present  is 
estimated.  In  making  this  experiment,  much  time  will  be  saved 
by  placing  the  crucible  a  little  on  one  side,  and  partially  covering 
its  mouth  with  the  lid,  for  the  purpose  of  directing  a  current  of 
air  on  the  burning  body.  When  the  substance  to  be  examined  is 
a  caking  coal,  it  is  found  advantageous  not  to  break  the  crust  of 
coke  which  is  first  formed,  but  to  allow  the  mass  gradually  to 
consume  from  the  exterior.  If  this  be  not  attended  to,  and  it 
should  contain  much  ash,  small  portions  are  frequently  protected  by 
a  coating  of  earthy  matters,  and  escape  complete  combustion.  In 
the  case  of  coke  it  is  sometimes  found  extremely  difficult  to  con- 
sume the  last  portions  of  carbon,  but  this  may  alwan^s  be  efiected 
either  by  roasting  the  substance  in  an  assay  muffle,  or  by  sub- 
jecting it,  at  a  red  heat,  to  the  action  of  oxygen  gas. 

The  latter  process  is  best  accomplished  by  placing  a  known  weight 
of  pulverised  coke  in  a  porcelain  crucible  over  a  lamp,  and  when 
from  the  accumulation  of  ash  the  combustion  becomes  sluggish, 
the  vessel  is  closed  by  a  cover  having  a  hole  through  its  centre, 
and  by  this  a  current  of  oxygen  is  made  to  arrive  through  a 
suitable  tube  from  a  gas-holder  in  which  it  is  contained.  The 
amount  employed  is  regulated  by  a  stop-cock,  and  too  rapid  action 
is  especially  to  be  avoided. 

Bstlmatlon  of  Hyvrometrle  Water. — The  amount  of  water 
present  is  estimated  by  drying  a  known  Quantity  of  the  substance 
in  a  water  or  air  bath,  heated  to  212*'  Pan.,  until  it  ceases  to  lose 
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weight.  In  accurate  determinations,  all  experiments  should  at 
least  be  repeated  twice,  as  perfect  reliance  can  never  be  placed  in 
results  when  this  precaution  has  not  been  attended  to. 

Salplmr. — The  sulphur  contained  in  a  fuel  is  most  correctly 
determined  by  the  following  process.  The  substance  to  be 
examined  is  mtimatelj  mixed  with  twice  its  weight  of  pure  car- 
bonate of  mas:nesia,  and  placed  in  a  bulb  blown  in  the  middle  of  a 
tube  made  of  hard  glass.  This  is  strongly  heated  either  by  a 
spirit-lamp  or  gas-flame,  at  the  same  time  that  a  continuous 
current  of  or^gen  gas  is  passed  through  it  from  an  apparatus 
attached  for  that  purpose.  When  the  whole  of  the  carbonaceous 
matter  is  completely  consumed,  which  is  easily  perceived  by  the 
whiteness  of  the  mixture,  the  powder  is  thrown  on  a  filter,  and 
the  soluble  sulphate  of  magnesia  washed  through,  whilst  the 
insoluble  carbonate  remains  behind. 

The  sulphuric  acid  in  the  filter  is  then  thrown  down  by  chloride 
df  barium,  and  from  the  weight  of  sulphate  of  baryta  obtained, 
the  per-centage  amount  of  sulphur  present  in  the  original  sub- 
liance  is  deduced. 

Carbonate  of  lime  may  for  this  purpose  be  employed,  instead  of 
the  corresponding  salt  of  magnesia,  but  as  the  sulphate  of  lime 
18  less  soluble  than  sulphate  of  magnesia,  the  washing  on  the  filter 
requires  to  be  prolonged,  and  a  longer  time  is  necessaiy  for  the 
completion  of  this  operation  than  for  that  above  described. 

The  sulphur  may  also  be  more  rapidly,  but  perhaps  less  cor- 
rectly estimated  by  igniting  in  a  platinum  crucible  a  mixture  of 
the  substance  to  be  examined  with  three  times  its  weight  of  nitre 
and  four  times  that  quantity  of  pure  carbonate  of  soda.  When 
this  method  is  employed,  the  fused  mass  which  remains  in  the 
crucible  is  first  dissolved  in  water,  and,  after  being  filtered,  is 
rendered  acid  by  the  addition  of  either  nitric  or  hydrochloric  acid. 
The  filtrate  is  then  treated  with  a  sufficient  amount  of  chloride  of 
barium  as  above  described. 

CttrtNin  and  Hydrogen. — These  constituents  are  usually  esti- 
mated according  to  the  methods  employed  for  the  analysis  of 
organic  substances ;  but  the  best  results  are  always  obtained  when 
a  quantity  of  matter  not  exceeding  five  grains  is  operated  on. 
Experience  also  shows  that  the  combustion  of  fuels  is  more  com- 
pletely efiected  by  the  use  of  oxide  of  copper  than  when  chromate 
of  lead  is  employed,  and  that  whenever  the  substance  bums  with 
difficulty,  as  in  the  case  of  coal,  and  more  particularly  of  anthra- 
cite, it  IS  necessary,  not  only  to  use  a  long  combustion-tube,  but 
also  a  certain  portion  of  dry  chlorate  of  potash,  which,  after  being 
mixed  with  oxide  of  copper,  is  placed  at  the  sealed  end  of  the 
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tube,  80  as  to  giye  off  pure  ozgen  gas  towards  the  dose  of  the 
operation. 

Hitr*ff«ii,— The  amount  of  nitrogen  contained  in  a  fuel  cannot 
be  considered  of  much  practical  importance,  and  it  may  therefore, 
in  most  instances,  be  in<sluded  with  the  oxygen ;  if  necessary,  how- 
ever, it  can  be  easily  eptimated  by  the  method  of  Will  and 
Varrentrapp*, 

•xysen^ — ^This  eleuKBiit  is  inyariably  estimated  by  the  loss  on 
analysis. 

liithaive  Bxperlnents. — ^In  most  instances,  the  calorific  Talue 
of  a  combustible  substance  may  be  ascertained  with  sufficient 
accuracy  without  having  recourse  to  an  acumrate  analytical  exami- 
nation, and  for  this  purpose  the  process  employed  by  Berthier  is 
the  most  simple,  and,  at  the  same  time,  one  of  the  most  accurate. 

The  weight  of  substauAB  operated  on  may  be  about  five  grains, 
and  the  greatest  care  should  oe  taken  to  obtain  it  in  the  finesc 
possible  state  of  division.  If  the  substance  be  brittle,  such  as 
coal,  coke,  or  charcoal,  it  is  easily  pounded  in  a  mortar,  and  after- 
wards sifted  $  but  if  it  be  a  variety  of  wood  which  is  to  be  e> 
perimented  on,  the  sawxdust  obtained  by  cutting  it  with  a  fine  saw, 
or  scratching  with  a  file,  should  be  employed.  This  shoul<^ 
according  to  its  supposed  richness,  be  intimately  mixed  witk 
from  150  to  250  grains  of  litharge,  and  placed  in  a  small  earthen 
assay  crucible.  On  this  is  pliu^d  from  100  to  150  grains  of 
pure  litharge,  and  after  the  whole  has  been  shaken  down,  the 
crucible  ought  not  to  be  more  than  half  full,  in  order  to  allow 
sufficient  space  for  the  intumescence  of  the  mixture  when  in  a 
semi-fiuid  state.  The  crucible  is  now  stopped  by  a  cover,  which 
is  carefully  luted  with  fire-clay  for  the  purpose  of'  preventing  any 
fragments  of  coke  or  reducing  gases  from  the  fire,  from  vitiat- 
ing the  result,  and  the  whole  is  3ien  placed  in  an  assay  Aimace 
already  lighted,  and  in  which  there  is  a  tolerable  supply  of  hot 
coke.  Here  it  is  |;ently  heated  during  about  fifteen  or  twenty 
minutes,  at  the  expuittion  of  which  time  the  contents  will  be  in  a 
state  of  tranquil  fusion.  The  crucible  is  now  to  be  covered  with 
hot  coke,  and  the  draught  increased  by  means  of  the  damper  in 
order  to  cause  the  whole  of  the  reduced  lead  to  collect  in  the  form 
of  a  button  at  the  bottom.  Care  should  likewise  be  taken  to 
prevent  any  loss  of  metal  by  volatilization,  and  a  moderate 
temperature  only  should  consequently  be  employed.  This  will 
usually  be  effected  in  about  ten  minutes,  and  the  crucible  is  then 
withdrawn  from  the  fire  and  slightly  tapped  against  some  hard 

^  ^  For  directionB  re^atiye  to  the  analysis,  of  organic  substanoes,  see  "  Instruc* 
tions  in  Qnantitatiye  Chemical  Analysis/*  by  Dr.  0.  B.  Fresenios,  p.  392,  &o. 
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body,  to  throw  down  anj  globules  which  might  remain  sus- 
pended in  the  fused  litharge.  A:fter  being  allowed  to  get  cold, 
the  crucible  is  broken  and  the  button  of  lead  extracted,  and  from 
its  weight  is  calculated  the  calorific  value  of  the  Aiel  according  to 
the  data  given  at  page  175.  K  the  operation  has  been  properly 
conducted,  the  button  of  lead  separates  easily  both  from  the 
crucible  and  the  melted  Hthar^e  by  which  it  is  surrounded ;  but  in 
case  of  anything  adhering  to  it,  its  removal  is  readily  effected  by 
first  hammering  the  button  on  an  anvil,  and  afterwards  brushing 
off  the  small  particles  sticking  to  it  with  a  hard  brush.  The 
results  thus  obtained  &om  different  experiments  on  the  same  sub- 
stance will  be  found  to  agree  very  closely  with  each  other.  But 
on  comparing  the  calorific  value  of  a  fuel  as  obtained  by  the 
litharge  process,  with  that  calculated  from  its  ultimate  analysis, 
the  former  will  be  found  to  afford  results  about  one-ninth  less  than 
those  obtained  by  the  latter  method.  This  process,  therefore, 
although  not  admitting  of  absolute  accuracy,  is  sufficiently  exact 
for  many  practical  purposes. 

The  exactitude  of  such  determinations  is  sometimes  also  slightly 
influenced  bv  the  presence  of  iron  pyrites  and  protosulphuret  of 
iron,  both  oi  whicn  exercise  the  same  reducing  influence  on  the 
litharge  as  that  produced  by  the  combustibles  themselves.  When 
heated  with  reducing  agents,  the  sulphur  of  these  substances 
escapes  in  the  form  of  sulphurous  acid,  whilst  the  iron  with 
which  it  was  combined  remains  with  the  litharge  in  the  state  of 
protoxide. 

These  reactions  determine  the  reduction  of  a  certain  quantity 
of  metallic  lead  which  interferes  with  the  experiment,  and,  to  a 
certain  degree,  vitiates  the  result. 

Allowance  for  this  source  of  error  is,  however,  easily  made  when 
the  quantity  of  sulphur  present  has  been  previously  determined ; 
for  smce  100  parts  of  pyrites  is  capable  of  reducing  to  the  metallic 
state  840  parts  of  leac^  and  the  same  amount  of  the  protosulphuret 
will  reduce  720  parts  of  that  metal,  we  have  sufficient  data  from 
which  to  calculate  the  quantity  of  metal  due  to  these  impurities ; 
and  this  must  evidently  be  deducted  from  the  total  amount  ob- 
tained by  the  experiment.' 

>  The  sulphur  oontained  in  ooal,  lignite,  and  other  faek,  which  have  not  been 
aabjected  to  a  strong  heat,  appears  invariabhr  to  ooonr  in  the  form  of  iron 
pyrites,  whilst  that  which  is  found  in  coke  and  other  charred  fuels  is  reduoed 
to  the  state  of  protosulphuret  of  iron.  When  any  doubt  exists  as  to  the  state 
in  which  the  sulphur  occurs,  the  question  is  easily  decided  by  adding  a  few 
drops  of  hydrochloric  acid  to  a  little  of  the  powdered  fuel:  if  sulphuretted 
hy^bogen  be  evolved,  it  is  a  proof  of  the  presence  of  the  protosulphuret,  whilst 
the  reverse  shows  that  the  sulphur  which  it  contains  does  not  occur  in  that 
fpnn, 
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The  refractory  lining  of  furnaces  is  usually  composed  of  bricks 
prepared  from  various  compounds  known  by  the  name  of  fire-claj^s ; 
nlthough  less  frequently,  and  particularly  for  the  internal  casing 
of  the  hearths  ot  iron  furnaces,  certain*  siliceous  sandstones  are 
sometimes  employed. 

Clays  are  essentially  composed  of  silica,  alumina,  and  water,  but 
are  almost  invariably  more  or  less  mixed  with  other  bodies,  by  the 
presence  of  which  their  prooerties  are  considerably  modified.  Pure 
clays  are  white,  opaque,  and  unctuous  to  the  touch ;  when  dried, 
they  present  an  earthy  fr'acture,  and  if  placed  on  the  tongue,  give 
rise  to  a  peculiar  sensation  of  dryness.  When  put  into  water, 
these  compounds  have  the  property  of  swelling  up  and  becoming 
suspended  in  that  liquid,  and  tlius  afford  ductUe  tenacious  pastes, 
readily  admitting  of  being  moulded  into  any  required  form.  By 
calcination  at  an  elevated  temperature,  the  water  is  gradually  ex- 
pelled, and  considerable  contraction  of  the  mass  takes  place. 
When  free  from  all  admixture  with  other  bodies,  clays  are  in- 
fusible at  the  highest  temperature  to  be  obtained  in  our  frunaces, 
but  they  sometimes,  when  thus  treated,  become  so  far  softened 
that  crucibles  formed  of  this  material  bend,  and  become  much 
deformed  under  the  pressure  of  the  tongs,  by  the  aid  of  which  they 
are  withdrawn  from  the  fire.  The  lustrous  aspect  frequently  ot 
served  on  breaking  a  pot  which  has  been  very  highly  heated  is  also 
an  indication  that  incipient  frision  had  commenced,  and  is  in  this 
respect  analogous  to  the  appearances  observed  in  some  kinds  of 
pottery,  on  which  the  glazing  has  been  applied  at  a  very  elevated 
temperature. 

It  was  formerly  supposed  that  clays  were  mere  admixtures  of 
silica,  alumina,  and  other  bodies  arising  from  the  gradual  disinte- 
gration of  the  rocks  in  the  vicinitj^  of  the  localities  in  which  they 
are  produced ;  but  it  is  now  umversally  admitted  that  they  are 
definite  chemical  compounds  of  silica,  alumina,  and  water,  and  that 
the  various  other  bodies  with  which  they  are  found  associated  are 
mere  mechanical  mixtures,  which  should  only  be  regarded  as  im- 
purities. The  bodies  found  accompanying  clays,  and  in  a  state  of 
intimate  mechanical  mixture  with  them,  are  extremely  numerous ; 

Digitized  by  LjOOQIC 


FIRE-CLAYS.  187 

but  among  the  most  common  of  these  impurities  may  be  men- 
tioned oxide  of  iron,  carbonate  of  lime,  iron  pyrites,  graphite,  and 
various  bituminous  matters.  The  presence  of  these  substances 
materially  impairs  the  quality  of  the  clays  in  which  they  are  found, 
as,  by  combinmg  with  a  portion  of  the  silica  present,  a  series  of 
fusible  vitreous  compounds  are  produced.  The  degree  of  heat 
necessary  to  effect  the  fusion  of  these  substances  is  not  entirely 
dependent  on  the  amount  of  basic  matter  thus  brought  in  contact 
with  the  natural  silicate,  but  is  also  in  a  remarkable  manner  in- 
fluenced by  the  nature  and  number  of  the  bases  themselves. 

In  this  way  a  clay  containing  a  given  amount  of  lime  is  found 
to  be  less  fusible  than  another  similarly  constituted,  except  that  a 
certain  portion  of  the  lime  is  replaced  by  an  equivalent  amount  of 
magnesia ;  and  if  three  or  more  bases  be  present  instead  of  one, 
the  compound  will  be  found  proportionately  more  easy  of  fusion. 
Among  the  purer  varieties  of  clay,  the  most  refractory  are  those  in 
which  the  proportion  of  silica  is  greatest ;  and  reaches  its  maximum 
in  those  substances  which,  although  exhibiting  many  of  the  phy- 
sical properties  of  days,  can  scarcely  be  classified  among  them  on 
account  of  their  very  large  per-centage  of  silica :  such,  for  ex- 
ample, are  the  different  varieties  consisting  of  the  siliceous  remains 
of  mfbsoria,  commonly  known  by  the  name  of  rottenstone. 

Clays,  in  their  natural  state,  are  seldom  capable  of  fulfilling  the 
whole  of  the  several  conditions  which  may  oe  required  of  them, 
and  it  therefore  becomes  necessary  to  make  such  additions  as  an 
accurate  analysis,  and  a  careAil  comparison  of  the  results  with 
those  obtained  from  other  refractory  materials,  may  suggest.  At- 
tention to  this  subject  becomes  the  more  important  from  the  cir- 
cumstance that  many  varieties  of  clay  which  possess  the  requisite 
degree  of  infusibility  are,  when  subjected  to  a  rapidly  increasing 
change  of  temperature,  liable  to  split  and  fly,  fr^m  the  too  great 
expansion  or  contraction  of  the  mass.  The  chief  additions  made 
in  this  case  consist  of  pure  siliceous  sand,  and  ground  and  pre- 
viously burnt  flre-clay,  which,  without  increasing  the  fusibility  of 
the  compound,  has  the  property  of  rendering  the  baked  material 
less  liable  to  become  broken  through  the  too  rapid  application 
of  heat. 

The  examination  of  seven  varieties  of  fire-clay  from  the  neigh- 
bourhood of  Newcastle-on-Tyne,  where  an  extensive  trade  is  earned 
on  in  fire-bricks  and  clay  gas-retorts,  afforded  to  Dr.  Eichardson 
the  following  results : — (See  next  page.) 

The  manufiEuHnire  of  refractory  bricks  is  conducted  in  a  pre- 
cisely similar  way  to  that  of  those  employed  for  ordinary  building 
purposes. 

The  fire-day,  after  being  some  time  exposed  to  the  air,  ia 
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craslied  under  a  pair  of  heavy  edge-stones,  where  it  is  gronnd 
together  with  a  mixture  of  previously-baked  clay  of  the  same 
description,  until  it  has  been  reduced  to  the  state  of  coarse  powder. 
This  falls  through  a  hole  in  the  bedstone,  and  is  from  thence 
mounted  by  the  buckets  of  an  endless  chain  into  a  large  cylindrical 
sieve,  by  which  it  is  divided  into  two  classes.  The  coarser  frag- 
ments which  remain  on  the  meshes  are  returned  imder  the  edge- 
runners,  to  be  again  ground,  whilst  the  finer  particles  which  have 
passed  through  the  apertures  are  conducted  by  an  endless  belt  to 
a  convenient  situation,  where  it  is  deposited  imder  a  continuous 
stream  of  water.  The  mixture  is  siibsequently  incorporated  in 
a  pug-mill,  and  moulded  into  fire-bricks  in  the  way  adopted 
for  the  more  common  varieties  employed  for  building  purposes. 
A  man  and  boy  may  in  this  way  with  a  hand-mould  make  and  lay 
out  to  dry  1500  bricks  in  the  course  of  an  ordinary  day's  work. 
When  sufficiently  dried  in  the  sun,  they  are  baked  during  five 
days  in  kilns  containing  from  15,000  to  20,000.  A  ton  of  coal  is, 
on  an  average,  required  for  the  baking  of  every  3,000  bricks, 
which  are  all  placed  lengthways,  and  separated  from  each  other  by 
about  a  finger's  breadth  in  order  to  allow  a  free  passage  between 
them  of  the  heated  gases  produced  by  the  combustion  of  the  fuel, 
the  whole  of  which  is  consumed  at  the  extremity  of  the  pile  furthest 
removed  from  the  chimney. 

Cmelliles  are  commonly  manufactured  either  by  working  the 
prepared  clay  on  a  potter's  wheel,  similar  to  that  employed*  in 
making  ordinary  pottery,  or  by  compressing  the  prepared  clay  in 
strong  bronze  moulds,  which  thus  communicates  to  the  mass  the 
requiim  form.  Sometimes,  also,  although  more  rarelv,  crucibles 
are  prepared  by  covering  with  the  hand  a  mandril  maae  either  of 
metd  or  hard  wood,  and  having  the  exact  form  and  dimensions  of 
the  internal  cavity  of  the  vessel  required.  To  be  perfect  in  every 
respect,  they  should,  in  the  first  place,  be  capable  of  resisting 
without  fracture  the  most  sudden  changes  of  temperatiire. 

They  should  also  be  infusible,  be  unacted  on  by  the  substances 
vrhich  are  to  b^  fused  in  them,  and  lastly^  be  impermeable  to  both 
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Kquidfl  aacE  eases^  It  would,  howeyer,  be  impoBsible  to  prepare 
vessels  capable  of  fulfilling  all  these  conditicms,  and  consequently 
it  is  generally  found  more  convenient  to  select  the  mixture  to  be 
employed  in  accordance  to  the  uses  to  which  it  is  to  be  applied, 
than  to  attempt  the  manufacture  of  pots  which  shall  be  applicable 
to  every  sort  of  use. 

When  it  is  desired  to  prepare  crucibles  capable  of  withstanding 
very  sudden  changes  of  temperature,  the  prepared  clay  is  intimately 
mixed  with  various  infusible  bodies  which  are  not  liable  to  expand 
on  being  strongly  heated.  These  substances  are  called  cements, 
and  generally  consist  of  siliceous  sand,  ground  flints,  calcined  day, 
graphite,  or  finely-powdered  coke. 

The  most  infusible  crucibles  are  prepared  from  clays  containing 
the  largest  proportion  of  silica,  and  in  which  the  amount  of 
lime  and  oxide  of  iron  is  extremely  minute.  The  infusibility  of 
day,  like  its  power  of  sustaining  sudden  changes  of  temperature, 
may  be  much  increased  by  a  judicious  admixture  of  cement, 
which,  from  forming  a  kind  of  ioiusible  ground-work,  prevents  the 
crudble  from  being  deformed  by  exposure  to  a  temperature  by 
which  it  would  be  otherwise  destroyed.  The  most  effident  cement 
for  the  purpose  is  ^phite  or  finely-powdered  coke  added  to  the 
day  in  the  proportion  of  about  one-third,  since,  if  a  larger  amount 
were  used,  although  the  infusibility  of  the  crucible  might  to  a 
certain  extent  be  increased,  the  carbonaceous  matters  are  liable  to 
become  consumed  by  repeated  use,  and  the  crucible  is  by  this 
means  gradually  destroyed. 

The  composition  of  some  of  the  best  varieties  of  fire-day,  as 
deduced  from  the  experiments  of  Berthier  and  Salvetat,  is  given  in 
the  following  table : — * 
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The  composition  of  several  different  kinds  of  manuJGeujtured 
crucibles  has  been  carefully  examined  by  Berthier,  whose  results 
are  arranged  in  the  following  tabular  form : — 


Place  of  ManufiEictiue. 

SiliMi,   Alnminii. 

Oxide 
of 

Mag- 

1 

Iron. 

neeia. 

Crucibles  from  Gross  Umerode 

70-9 

24*8 

8-8 

«_ 

„            „    Paris          .... 

64-6 

34-4 

1-0 

— 

„            „    Sareignies,  near  Beauiays  . 
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8-9 

.. 

„            „    England,  for  Casting  Steel . 
„            „    St.  Etienne^  for  Do.  . 

71-0 

28-0 

40 



65-2 

25-0 

72 

-^ 

Glass  Pots,  from  Nemours 

67-4 

32-0 

0-8 

«. 

„    Bohemia 

68-0 

29-0 

22 

0-5 

In  order  that  a  crucible  be  but  slightly  attacked  by  the 
bodies  fused  in  it,  it  is  not  only  necessary  that  the  partides  of 
which  it  is  composed  should  be  finely  divided  and  closely  com- 
pressed, but  also  that  it  should  have  but  little  affinity  for  the  sub- 
stance operated  on. 

The  metals,  together  with  their  compounds,  with  the  exception 
of  the  oxides,  exert  little  action  on  crucibles  made  of  ordinary  fire- 
clay, although  galena,  together  with  some  other  substances,  has 
the  property  of  filtering  through  the  pores  of  earthen  crucibles 
without  exercising  on  their  constituents  any  apparent  chemical 
action.  The  degree  of  fiicilitjr  with  which  clay  pots  yield  to 
the  action  of  metallic  oxides  is  usually  tested  by  the  msion  of 
litharge,  which  is  maintained  in  the  fluid  state  until  the  pot  be- 
comes pierced  by  its  corroding  action  on  its  sides,  when  the  time 
necessary  to  produce  this  effect  is  noted  and  compared  with  similar 
results  obtained  with  other  varieties  of  crucibles. 

The  degree  of  Visibility  of  crucibles  and  other  reflectory 
bodies  is  best  ascertained  by  a  direct  experiment  conducted  in 
the  following  manner : — A  piece  of  the  substance  to  be  examined, 
and  which  for  this  purpose  should  present  numerous  sharp  ed^es, 
is  heated  in  a  reflectory  crucible  lined  with  powdered  charcou  to 
the  fullest  extent  possible  in  a  large  wind  furnace.  The  pot 
and  its  contents  are  then  allowed  to  cool,  and  on  affcerwarda 
breaking  it  and  slowly  examining  its  contents,  it  will  be  ob- 
served whether  or  not  the  thin  edges  of  the  broken  fiegment  have 
become  rounded  or  rendered  tranalucent,  in  which  case  it  affords 
a  sufficient  indication  that  a  commencement  of  fusion  has  taken 
place. 

The  permeability  of  crucibles  by  liquids  is  best  determined  by 
filling  tnem  with  water,  and  noting  what  time  respectively  elapses 
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with  each  yariety  before  any  appearance  of  dampness  can  be  per- 
ceived on  the  outside. 

Por  the  purpose  of  ascertaining  their  power  of  resisting  sudden 
changes  of  temperature,  crucibles  may  be  thrown,  without  any 
previous  annealing,  into  an  intensely-heated  furnace,  and  afterwards 
withdrawn  and  at  once  eiroosed  to  a  current  of  cold  air. 

Three  different  kinds  of  crucibles  are  used  by  assajers  in  this 
country,  viz.,  the  Hessian,  the  London,  and  the  Cornish ;  and  of 
these  the  two  latter  are  the  most  extensively  employed. 

The  shape  of  the  Cornish  pots  is  generally  inconvenient,  from 
their  great  flatness  at  the  bottom,  but  in  all  cases  where  great 
heats  are  to  be  employed,  and  sudden  changes  of  temperatures  to 
be  undergone,  they  are  to  be  preferred  to  every  other  variety,  ex- 
cepting those  manufactured  at  Beaufays. 

The  stones  in  various  localities  employed  for  frimace  bottoms 
are  chiefly  siliceous  sandstones  from  the  coal  formations,  free  from 
lime,  and  containing  but  small  quantities  of  oxide  of  iron. 
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Equiv.  =  28.    Density,  7  •  8. 

Ibok  is  a  metal  of  a  bluish-grey  colour  and  fibrous  fracture,  but 
is  easily  made,  by  polishing,  to  acquire  a  brilliant  surface.  It 
possesses  greater  tenacity  than  an^  known  metal,  and  is  at  the 
same  time  the  hardest  of  those  which  are  malleable  and  ductile. 
The  iron  of  commerce  is  not,  however,  chemically  pure;  for,  be- 
sides containing  variable  quantities  of  carbon,  traces  of  silicium, 
sulphur,  and  phosphorus,  may  invariably  be  detected.  The  pre- 
sence of  these  substances  materially  influences  the  quality  of  the 
metal,  and  therefore  for  objects  requiring  great  nicety  of  construc- 
tion the  purest  varieties  are  alone  employed. 

These  impurities  may  be  removed  from  iron  by  the  following 
process.  Some  fine  iron  wire  is  first  cut  into  short  pieces,  and 
then  partially  oxidised  either  by  heating  it,  with  exposure  to  the 
air,  or,  whicn  is  still  better,  by  passing  the  vapour  of  water  over  it 
at  a  red  head  in  a  porcelain  tube.  This,  on  being  withdrawn  from 
the  tube,  is  mixed  with  a  small  quantity  of  pulverised  hard  glass, 
and  placed  in  a  porcelain  crucible. 

The  porcelain  crucible  is  then  enclosed  in  an  earthen  one,  to 
which  a  cover  has  been  luted  with  fire-clay,  and  the  whole  is  placed 
in  a  frimace,  where  it  is  subjected  to  an  intense  white  heat.  By 
this  treatment,  the  small  quantities  of  foreign  matter  which  occur 
in  the  metal  are  oxidised  at  the  expense  of  the  oxide  of  iron, 
whilst  the  excess  of  the  latter,  together  with  whatever  amount  of 
silica  may  have  been  produced,  will  combine  with  the  vitreous 
fiux  and  form  a  slag,  if  the  operation  be  properly  conducted,  a 
button  of  metal  wm  be  foimd  at  the  bottom  of  the  crucible,  to 
which  it  generally  adheres,  and  which  must  be  broken  in  order  to 
detach  it.  The  iron  thus  obtained  is  of  a  whiter  colour,  and  more 
malleable,  than  that  met  with  in  commerce,  but  possesses  less 
tenacity  and  ductility  than  before  its  purification. 

Pure  metallic  iron  may  also  be  obtamed  by  passing  a  current  of 
hydrogen  gas  over  one  of  its  oxides  heated  to  a  proper  temperature 
in  a  porcelain  or  hard-glass  tube.  This  reduction  takes  place  at  a 
low  red  heat,  but  as  the  metal  produced  will  in  this  case  remain 
in  a  spongy  state,  and  therefore  very  readily  absorb  oxyrai,  it 
becomes  necessary  to  keep  it  entirely  from  contact  with  the  air. 
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for  wbich  purpose  the  two  ends  of  the  tube  are  either  closely 
corked,  or  closed  before  the  blowpipe  when  still  fiill  of  hydrogen 
gas.  The  iron  so  obtained  has  tne  property  of  absorbing  oxygen 
with  such  extreme  rapidity  as  to  cause  the  ignition  of  the  whole 
mass  on  the  removal  of  the  corks,  and  is  thereby  converted  into 
aesquioxide.  When,  however,  the  experiment  has  been  made  at 
a  more  elevated  temperature,  the  reduced  iron  no  longer  possesses 
this  property,  and  may  be  freely  exposed  to  the  air  without  danger 
of  ignition. 

When,  instead  of  oxide  of  iron,  the  protochloride  is  thus 
treated,  the  reduced  metal  adheres  to  the  sides  of  the  reduction- 
tube  in  the  form  of  a  brilliant  metallic  coating,  on  which  well- 
defined  cubical  crystals  of  metal  are  frequently  perceived. 

The  texture  of  commercial  iron  varies  accordmg  to  the  nature 
of  the  processes  to  which  it  has  been  subjected  during  its  prepara* 
tion.  A  piece  of  iron  which  has  been  equally  hanmiered  in  every 
direction  will,  on  being  broken,  be  found  to  have  a  finely  granular 
structure ;  but  when  it  has  been  drawn  into  long  bars,  in  which 
form  it  usually  comes  into  the  market,  the  texture  will  be  invar 
riably  more  or  less  fibrous  in  the  direction  of  their  length. 
This  silkiness  of  appearance  is  most  distinct  in  the  better 
varieties  of  iron,  and  its  structure  is  therefore  one  of  the  best 
indices  of  the  quality  of  the  metaL  By  skilful  management  thia 
peculiarity  may,  however,  be  in  a  certain  degree  imparted  to  the 
commoner  varieties,  and  it  is,  consequently,  unsafe  from  this  cir- 
cumstance alone  to  judge  of  the  value  of  iron.  It  is  also  found 
that  the  most  fibrous  varieties  do  not  retain  their  peculiarity  of 
atructure  for  an  indefinite  time,  but  that  after  a  certain  period  the 
grain  of  the  metal  often  assumes  a  crystalline  appearance.  These 
changes  are  most  frequently  observed  to  take  place  in  the  tension- 
rods  of  suspension-bridges,  and  in  other  situations  where  the 
metal  is  subject  to  constant  vibrations.  The  same  effect  is  also 
produced  by  friction,  and  for  that  reason  the  axles  of  locomotives 
and  railway  waggons  are  often  found  to  acquire  a  crystalline 
structure,  and  are  thereby  rendered  harder  and  more  brittle  than 
the  metal  from  which  they  were  originalLy  made. 

In  order  to  melt  this  metal,  the  strongest  heat  of  a  wind  furnace 
is  required ;  but  when  combined  with  a  small  proportion  of  carbon 
the  fusion  is  more  readily  effected. 

On  cooling  melted  iron,  it  assumes  a  pasty  consistence  before 
taking  the  solid  form,  and  it  is  therefore  extremely  difficult  to  obtain 
it  in  a  crystallised  state.  When,  however,  large  masses  are  allowed 
to  cool  very  slowly,  as  sometimes  happens  in  the  case  of  the  heavy 
girders  which  support  the  sides  of  fimiaces,  distinct  indications  of 
a  cubical  ciyBtalusatioii  are  obtained.    At  a  full  red  heat  iron  may 
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be  hammered  into  any  required  form,  and  on  being  beated  to 
wbitenesB,  two  bare  may  be  firmly  joined  together  without 
the  aid  of  any  kind  of  solder.  This  operation,  which  is  called 
welding^  is  effected  by  heating  two  pieces  of  metal  until  the  ex- 
terior is  in  a  semi-liquid  state,  and  then  quickly  uniting  them  by 
repeated  blows  from  a  heayy  hammer.  Considerable  experience 
is  requisite  in  order  to  effect  this  object ;  for  on  heating  iron  to 
the  requisite  temperature,  it  becomes  externally  coated  with  a 
layer  of  oxide,  which  would  effectually  prevent  the  union  of  the 
two  fragments  if  not  previously  removea. 

To  prevent  the  formation  of  much  oxide,  as  well  as  to  combine 
with  tnat  unavoidably  produced,  a  little  siliceous  sand  is  sprinkled 
on  the  ends  of  the  pieces  which  are  to  be  united  before  they  are 
placed  in  the  fire.  This  has  not  only  the  effect  of  combining  with 
any  portions  of  oxide  that  may  be  formed,  and  thereby  removing 
it  from  the  surface  of  the  metaJ,  but  the  silicate  of  iron  thus  pro- 
duced forms  a  kind  of  varnish,  which  effectually  preserves  it  from 
the  further  action  of  the  air. 

On  withdrawing  the  bare  from  the  fire,  this  is,  by  a  rapid  motion 
of  the  mass,  shaken  off,  and  two  perfectly  clean  metalhc  surfaces 
are  thus  brought  in  contact. 

Iron  and  nickel  are  the  only  metals  which  are  magnetic  at  ordi- 
nary temperatures.  If  a  mass  of  iron  be  either  brought  in  contact 
witn,  or  placed  at  a  short  distance  from  a  naturu  or  artificial 
magnet,  it  becomes  itself  magnetic,  but  loses  this  property 
the  instant  the  exciting  magnet  is  removed.  When  iron  is 
combined  with  a  certain  amount  of  carbon,  it  is  known  by  the 
name  of  steel.  This  substance  is  much  less  susceptible  of  the 
magnetic  influence  than  ordinary  soft  iron,  but  when  once  the 
power  has  been  communicated,  it  is  retained  for  a  considerable 
time  after  the  removal  of  the  ma^et  from  which  it  was  acquired. 
Permanent  magnets  may  be  obtamed  by  rubbing  a  bar  of  steel 
either  with  loa^tone  or  an  artificial  magnet,  and  in  this  way  an 
infinite  number  of  steel  bare  may  be  rendered  magnetic  without 
at  all  diminishing  the  power  of  the  bar  by  which  the  effect  has 
been  produced.  The  magnetic  power  of  iron  is  much  influenced 
by  its  temperature,  as  the  magnetic  needle  is  but  little  affected  by 
a  mass  of  that  metal  when  made  red  hot,  but  in  cooling  it  will  be 
found  to  gradually  regain  its  magnetic  properties. 

Iron  may  be  indefinitely  exposed  to  the  action  of  dry  air,  or 
even  of  dry  oxygen  gas,  without  becoming  oxidised ;  but  if  the  air 
or  gas  contain  any  portion  of  watery  vapour,  the  surface  of  the 
metal  quickly  becomes  coated  with  a  layer  of  rust.  This  is  nothing 
more  than  the  oxidation  of  the  surface  of  the  metal  when  exposed 
in  a  moist  atmosphere.    The  formation  of  oxide  is  also  much 
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accelerated  by  the  presence  of  carbonic  acid,  of  which  a  certain 
portion  is  always  present  in  the  air ;  for  under  the  influence  of 
this  acid  and  oxygen,  a  carbonate  of  the  protoxide  of  iron  is 
quickly  produced.  This  soon  absorbs  a  further  amount  of  mois- 
ture and  oxygen  from  the  air,  and  is  thereby  converted  into 
hydrated  peroxide,  whilst  the  carbonic  acid  which  is  evolved  facili- 
tates the  oxidation  of  a  further  portion  of  metallic  iron.  When  a 
spot  of  rust  has  made  its  appearance  on  a  piece  of  this  metal,  the 
oxidation  of  the  remaining  portions  is  found  to  be  materially 
affected  by  its  presence,  for  the  coating  of  peroxide  formed  bein^ 
electro-negative  with  regard  to  the  metallic  iron  which  is  beneath 
it,  will  give  rise  to  a  galvanic  action,  by  which  the  metal  is 
rendered  positive.  This  electric  condition  of  the  metal  will  so  far 
increase  its  affinity  for  oxygen  as  to  enable  it  to  decompose  water 
at  ordinary  temperatures  with  the  formation  of  a  further  amount 
of  oxide  and  the  evolution  of  hydrogen  in  the  gaseous  form. 
Oxide  of  iron  thus  obtained  by  exposure  to  the  air  usually  con- 
tains small  quantities  of  ammonia,  the  presence  of  which  in  iron 
met  may  be  explained  as  follows : — The  water,  by  the  aid  of  which 
the  oxidation  is  effected,  contains  in  solution  a  certain  amoimt  of 
air,  and  consequently  of  nitrogen  gas,  which,  by  uniting  with  the 
hydrogen  produced  by  the  decomposition  of  water,  leads  to  the 
formation  of  this  substance. 

The  formation  of  ammonia  in  ordinary  rust  of  iron  must  be 
considered  as  an  important  fact,  since  it  was  formerly  supposed 
that  its  presence  could  only  arise  from  the  decomposition  of  animal 
matter.  "Whenever,  therefore,  ammonia  was  discovered  in  oxide 
covering  the  blade  of  any  cutting  instrument  with  which  a  crime 
was  supposed  to  have  been  committed,  it  was  considered  as  a  sure 
indication  that  the  marks  produced  were  the  effect  of  spots  of 
blood  remaining  on  the  weapon^ 

This  supposition  is,  however,  entirely  erroneous,  as  we  have  just 
seen  that  rust  caused  merely  by  exposure  to  a  damp  atmosphere, 
in  most  instances  contains  traces  of  this  substance. 

When  iron  is  strongly  heated  and  exposed  to  the  air,  its  surface 
is  quickly  covered  with  a  coating  of  black  oxide,  which,  on  being 
struck  with  a  hammer,  easily  scales  off.  It  is  this  property  of  iron 
which  causes  it  to  afford  sparks  when  struck  with  a  flint  or  other 
hard  body.  Under  these  circumstances,  small  particles  of  iron  are 
torn  off  by  the  flint,  which  produces  sufficient  heat  by  friction  to 
render  the  particles  of  the  metal  incandescent  on  combining  with 

^  The  piefldnce  of  ammonia  may  be  detected  by  beating  a  portion  of  the  rust 
with  cauBtio  potash  in  a  test-tube,  when  the  characteristio  oaour  of  the  Tolatile 
alkidi  will  bo  at  onoe  perceived. 
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the  oxygen  of  the  air,  and  by  allowing  these  heated  particles  to 
fall  on  any  easily  ignitable  substance,  such  as  tinder  or  amadou,  a 
fire  is  easily  obtained.  If,  instead  of  tinder,  a  piece  of  paper  be 
held  beneath  the  metal  during  the  time  it  is  bemg  stracK  by  the 
flint,  its  surface  soon  becomes  covered  with  small  fragments  of 
black  oxide  of  iron,  fused  into  minute  globules,  and  easily  attracted 
by  the  magnet. 

Iron  is  readily  attacked  by  hydrochloric  acid  with  the  formation 
of  protochloride,  and  the  evolution  of  hydrogen  gas.  By  weak 
sulphuric  acid  it  is  dissolved  even  in  the  cold,  hydrogen  gas  being 
at  the  same  time  given  off.  Concentrated  sulphuric  acid  also 
attacks  and  dissolves  iron,  but  in  this  case  the  oxygen  is  supplied 
to  the  metal  at  the  expense  of  the  acid,  and  sulphurous  acid  is  at 
the  same  time  evolved.  Nitric  acid  attacks  it  with  the  evolution 
of  abundant  nitrous  vapours ;  but  if  the  acid  be  very  dilute  the 
iron  is  dissolved  without  any  apparent  escape  of  gas,  nitrate  of 
protoxide  of  iron,  and  nitrate  of  ammonia,  bemg  at  the  same  time 
produced. 

Por  the  purposes  of  the  arts,  iron  is  invariably  obtained  from  the 
native  carbonates  and  oxides  of  that  metal,  which,  together  with 
various  less  important  ores,  will  be  hereafter  described. 

Native  Iron.— The  existence  of  this  metal  in  a  native  state  was 
for  a  long  time  a  matter  of  dispute  among  mineralogists  ;  but  it 
is  now  generally  admitted  that,  although  of  rare  occurrence,  speci- 
mens of  native  malleable  iron  have  been  occasionally  discovered. 

At  the  mines  of  Kamsdorf  and  Eibestock,  in  Saxony,  Karsten 
and  Lehman  found  native  iron  forming  the  centres  of  stalactiform 
masses  of  brown  hematite.  The  same  phenomenon  has  abo  been 
observed  in  the  mountains  of  OuUe,  near  Grenoble,  by  Schreiber, 
who  adds  that  the  vein,  which  traverses  Gneiss,  had  not  been 
anciently  worked,  and  that  consequently  there  could  be  no  possi- 
bility of  the  metal  having  been  at  a  remote  period  placed  m  the 
mine  by  human  agency.  The  lode  in  which  this  native  iron  occurs 
possesses  no  other  remarkable  peculiarity,  and  in  no  part  affords 
the  slightest  evidence  of  having  at  any  time  experienced  a  high 
temperature.  From  the  appearance  of  specimens  of  the  iron  from 
Kamsdorf,  which  are  in  the  collections  of  the  Jardin  des  Flantes  and 
Ecole  des  Mines  of  Paris,  it  would  appear  that  these  metallic  kernels 
have  been  produced  by  the  decomposition  of  a  portion  of  the  oxide 
in  which  they  are  imbedded ;  but  in  what  way  this  change  could  have 
been  effected  is  difficult  to  understand,  although  it  is  well  known 
that  somewhat  similar  transformations  are  occasionally  produced  by 
electro-chemical  agency.'    This   native  metal   is   not,  however, 

'  Tbd  most  reasonable  method  of  flacplAining^  this  chaose  jappeart  to  be  by 
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entirely  like  ordinary  maUeable  iron,  but  is  whiter,  more  ductile, 
and  somewhat  less  dense  than  that  artificially  obtained. 

Steeljr  Iron. — Native  iron  is  also  sometimes  produced  by  the 
spontaneous  ignition  of  seams  of  coal  in  the  immediate  vicinity 
of  ferruginous  deposits.  The  fragments  thus  produced  occur  in 
the  form  of  small  button  ingots  with  a  finely  striated  surface,  and 
are  usually  known  by  the  name  of  native  steel.  They  are  exces- 
sively hard  and  fine-grained,  and  when  broken,  present  a  firacture 
resembling  that  of  ordinary  cast  steel.  A  mass  of  this  substance, 
weighing  16  lbs.  6  ozs.,  was  discovered  some  years  since  by  M. 
Mossier,  at  Labouiche,  near  Nery,  in  the  department  of  the  .AJlier,. 
where  a  burning  seam  of  coal  had  formerly  existed. 

■etcorte  Iron. — Large  masses  of  metallic  iron  are  occasionally 
discovered  on  the  surface  of  the  soil  in  different  parts  of  the  globe, 
whilst  others  of  similar  appearance  have  from  time  to  time  been 
observed  to  fall  from  the  atmosphere  in  the  meteoric  form. 

These  meteorites,  as  they  are  called,  are  easily  distinguished 
from  the  masses  of  terrestrial  iron  before  described,  both  by  their 
structure  and  composition,  as  they  not  only  invariably  contain  a 
greater  or  less  proportion  of  nickel,  which  never  occurs  in  the  ores 
of  iron,  but  the  metal  itself  is  usually  found  in  the  form  of  a  net- 
work enclosing  crystals  of  a  substance  in  appearance  resembling 
peridot,  but  which  is  soluble  in  acids.  Meteoric  iron  is  also 
always  covered  on  the  surface  with  a  sort  of  black  siliceous  varnish, 
which  effectually  protects  the  exterior  from  the  rusting  action  of 
the  atmosphere,  although,  when  this  is  removed,  the  metal  is  as 
easily  oxidised  as  common  iron.  Above  twenty  different  masses 
supposed  to  be  of  meteoric  origin  have  been  enumerated  as  exist- 
ing in  various  parts  of  the  world,  and  have  in  some  instances 
furnished  the  innabitants  of  the  countries  in  which  they  are  found 
with  the  materials  for  making  knives,  spears,  and  other  instruments 
of  daily  use.  Among  the  most  remarkable  of  these  is  that  dis- 
covered by  Pallas  in  Siberia,  which  orifi;inaUy  weighed  about 
1600  lbs. ;  that  of  Bahia,  in  Brazil,  weighing  14,000  lbs. ;  that 
discovered  by  Don  Eubin  de  Cells  in  the  district  of  Chaco-Gua- 
lamba,  in  South  America,  weighing  30,000  lbs. ;  that  of  Elbogen, 
in  Bohemia,  which  weighed  120  lbs.,  and  that  of  Agram,  in  Croatia, 
which  fell  from  the  sky  in  1750  in  the  presence  of  many  witnesses. 
Two  large  masses  of  native  iron  are  also  mentioned  by  Captain 

Bupposiag  that  the  whole  or  a  portion  of  the  iron  formerly  existed  in  the  form 
of  iron  pyrites  (bisulphuret  of  iron),  which,  becoming  oxidised,  not  only 
nroduoed  a  certain  amount  of  the  soluble  sulphate  of  iron,  but  also  generated 
by  obemioal  action  an  electric  current  of  suffidant  power  to  precipitate  a 
part  of  the  iron  in  the  metallic  form. 
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Boss  as  occurring  in  Greenland,  and  several  others  have  been 
found  in  A&ica,  as  well  as  on  the  continent  of  North  America. 

The  composition  of  six  different  specimens  of  meteoric  iron  are 
given  below. 


Iron  . 
Niclel 
Cobalt 

Iron  from 
Siberia. 

Iron  from 
Agram. 

Iron  from 
Elbogen. 

Iron  from 
Santa  Bosa. 

Iron  from 
Louisiana. 

Iron  from 
Atacama. 

Elaproth. 

Elaproth. 

John. 

BouBsingaolt. 

Shepazd. 

Turner. 

d8-60 
1-20 
000 

96-60 
3-50 
0-00 

91-26 
8-70 
000 

91-40 
8-59 
000 

90-02 
9-61 
0-00 

93-40 
6-62 
0-53 

Besides  these  masses  of  metallic  iron,  numerous  aerolites,  con- 
taining other  substances  in  addition  to  that  metal,  have  at  different 
times  fallen  from  the  atmosphere.  The  following  table  shows  the 
per-centage  composition  of  several  of  these  bodies  which  have  been 
examined  by  various  chemists : — 


1. 

2. 

3. 

4b 

6. 

6. 

SUica     ..... 

48-26 

88-06 

4600 

3013 

33-90 

43-00 

Alumina                 . 

1450 

8-47 

6-00 

3-82 

.^ 

— 

Magnesia 

2-00 

29-93 

1-60    38-13 

32-00 

22-00 

Lime     . 

9-60 

— 

7-50      0-14 

^ 

0-50 

Oxide  of  Iron 

^ 

4-90 

86-00    29-44 

3100 



„        „  Manganese 

— 

115 

2-80 

Trace 

— 

0-26 

Potash  , 

» 

— . 

— 

0-27 

~~ 

— 

Soda      . 







0-86 





Sulphur 

275 

2-70 

1-50 

0-39 

— 

3-50 

Iron 

23-00 

17-49 

— 

7-70 

~~ 

29-00 

Nickel  . 

Trace 

1-36 

-. 

1-66 

— 

— 

Chromium     . 

— 

— 

100 

— 

200 

0-50 

1.  A  stone  which  fell  at  Stannem,  in  Moravia,  on  the  22d  of 
May,  1808.    Analysed  by  Klaproth. 

2.  A  stone  which  fell  at  Kostritz,  in  Eussia,  on  the  13th  of 
October,  1820.    Analysed  by  Stromeyer. 

3.  Analysis  of  a  stone  which  fell  at  Jouzac,  on  the  13th  of  June, 
1819.    By  Laugier. 

4.  Analysis  of  a  stone  which  fell  at  Ch&teau  Benard,  on  the 
12th  of  June,  1841.    By  M.  Dufrenoy. 
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5.  Sbowa  the  composition  of  a  stone  wliich  fell  at  Cbassigny, 
near  Langres,  on  tne  dd  of  October,  1815.  Analysed  by  M. 
Yauquelin. 

6.  A  stone  which  fell  at  Lissa,  in  Bohemia^  on  the  dd  of  Sep- 
tember, 1808.    Analysed  by  Klaproth. 
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No  other  metal  is  so  universally  diffused  as  iron.  It  not  only 
exists  in  a  vastrariety  of  minerals  as  forming  one  of  their  essential 
ingredients,  but  is  so  constantly  present  as  an  adventitious  mix- 
ture in  all  mineral  substances,  that  the  chemist  seldom  makes  the 
analysis  of  an  inorganic  bodj^  without  detecting  a  certain  ^rtion 
of  this  metal.  As  a  constituent  of  organised  bodies  it  is  also 
extremely  common,  and  is,  in  various'  forms,  present  in  all 
animals  as  weD  as  in  the  greater  proportion  of  vegetable  structures. 

A  detailed  description  of  all  the  various  ores  of  iron  would 
require  ynuch  more  space  than  is  consistent  with  the  limits  of  the 
present  work ;  and  for  this  reason  such  only  will  be  noticed  as  are 
most  extensively  applied  to  the  purposes  of  the  arts. 

■asnetie  Iron  •re ;  Fer  Oxydule;  Maffneteisenstein. — This  sub- 
stance, of  which  the  primitive  form  is  a  cube,  often  occurs  in 
octahedrons  and  dodecahedrons. 

It  possesses  a  cleavage  which  is  frequently  very  distinctly  pa- 
rallel to  the  faces  of  the  octahedron.  It  is  brittle,  of  an  iron-black 
colour,  and  leaves  a  black  streak. 

This  ore  has  a  density  which  varies  from  6*0  to  5*1,  is  strongly 
attracted  by  the  magnet,  and  sometimes  possesses  an  independent 
polarity. 

Its  chemical  composition  is  as  follows : — 

Iron        .        .        .71-781         /Peroxide  of  Iron        ,69' 
Oxygen  .        .        .  28-22/  ^^    iProtoxide  .        .        .81' 

Corresponding  to  the  formula  KaO*  or  Yefi^+YeO 

Magnetic  iron  occurs  in  granite,  gneiss,  micarslate,  cla}r-slate, 
SE^enite,  hornblende,  and  chlorite,  as  also  less  finequently  in  the 
limestone  formations.  No  ore  of  iron  is  more  universally  diffused 
than  this  oxide,  which  is  inferior  to  none  for  the  manu&cture  of 
iron.  Nearly  all  the  Swedish  iron  is  obtained  from  this  ore,  which 
also  occurs  in  great  abundance  in  the  Island  of  Elba,  and  in  the 
United  States  of  America. 

Bpecnlariroa;  Red  Hematite;  FerOliffiste;  EUenglanz, — ^This 
mineral  belongs  to  the  fourth  crystalline  system,  and  when  oo- 
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cupping  in  cpystalB,  is  genepallj  found  in  complex  modifications  of 
the  phombohedron,  among  which  the  figupes  given  beneath  ape  the 
most  common. 

^  ISI   ®  ^ 

91.  92.  98.  94.  96. 

These  crystals  are  of  a  dark  steel-grey  colour,  opaque,  except 
when  in  yery  thin  laminsB,  in  which  case  thej  are  tpfmslucent,  and 
of  a  deep  blood-ped  tinee. 

It  leaves  a  chepry-red  op  peddish-bpown  stpeak,  and  has  a  specific 
gpavity  varyixig  from  4*8  to  5*3.  Pure  specular  iron  consists  solely 
of  pepoxide  of  ipon,  of  which  the  pep-centage  composition  is 

^g»:  :  :  :  :S1J)^-'^^-o. 

10000 

Bed  ipon  ope  ppesents  sevepal  varieties.  Kbpous  ipon,  op  red 
hematite,  occups  m  fibpous  penifopm  masses.  When  the  ope  is 
amopj)hou8,  and  does  not  ppesent  any  indication  of  columnap  stpuo- 
tupe,  it  is  tepmed  compact,  and  if  contaminated  with  argillaceous 
impurities,  it  is  known  by  the  name  of  red  ochre.  Micaceous  iron 
is  specular  iron  with  a  foliated  stpucture.  Oliffistic  iron,  iron 
glance,  and  rhomhohedral  iron,  are  mepely  othep  names  fop  specular 
iron  ope.  Jaspery  clay  iron  ore  is  an  ope  of  a  bpownish-ped  colour, 
with  a  large  flat  conchoidal  fractupe.  It  is  very  compact,  and  has 
a  jaspepy  appearance.  The  name  of  lenticular  clay  iron  is  given 
to  this  substance  when  it  occurs  in  small  flattened  gpains,  re- 
sembling oolite,  as  at  Leitmeritz  and  Elbogen,  in  Bohemia. 

This  ope  occups  both  in  the  cpystalline  and  stratified  pocks,  but 
the  purer  varieties  are  always  found  in  the  older  formations,  whilst 
the  argillaceous  ores  are  commonly  met  with  in  secondary  rocks. 
Beaut^uUy  crystallised  specimens  are  obtained  from  the  island  of 
Elba,  where  iron  mines  were  anciently  worked  by  the  Bomans ; 
also  frt>m  St.  Gothard,  Apendal  in  Norway,  in  Sweden, 
Framont  in  Lopraine,  Dauphin^,  and  Switzerland.  Yery  bril- 
liant  crystals  are  also  frequently  formed  by  sublimation  from  the 
fissures  of  volcanic  districts.  Fine  specimens  of  this  kind  are 
procuped  from  Stromboli  and  Lipari,  as  also  from  Etna,  Vesuvius, 
and  Auvergne,  but  those  from  the  hut  three  districts  are  usually 
■mailer  thiui  those  coming  fit)m  the  first-named  localities. 

Bed  hematite,  in  penifopm  masses,  is  found  in  many  parts  of 
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Cornwall,  at  Ulverstone,  in  Lancashire,  in  Saxony,  and  various 
other  localities. 

^  Sed  hematite,  when  ground  to  powder,  is  sometimes  used  as  a 
pigment,  and  in  this  state  is  also  employed  for  polishing  metals. 

As  a  source  of  metallic  iron,  the  peroxide  is  of  great  importance, 
as,  from  its  various  ores,  a  considerable  portion  of  the  iron  manu- 
factured in  different  parts  of  the  world  is  obtained.  It  does  not, 
however,  yield  so  large  a  per-centage  of  metal  as  the  magnetic 
oxide,  and  the  specular  varieties  have  the  disadvantage  of  beine 
somewhat  refractory  in  the  furnace.  This  inconvenience  is  obviated 
by  a  judicious  mixture  of  other  ores,  when  they  yield  iron  of  an 

cellent  quality. 

Brown  Iron  •re ;  Fer  Oxyde  hydrate;  Eisenstein. — A  mineral 
of  a  brown  or  brownish  colour,  yielding,  when  crushed,  a  yellow 
powder.  Its  density  varies  from  3*8  to  4*2,  and  when  pure  yields 
55  per  cent  of  metallic  iron.  It  usually  occurs  in  the  massive 
form,  but  varies  in  structure  according  to  the  locality  in  which  it 
is  produced. 

This  substance  is  a  hydrated  peroxide  of  iron,  and  is  chiefly 
confined  to  the  sedimentary  formations.  A  specimen  of  compact 
brown  hematite  from  the  Lower  Ehine,  analysed  by  Yauquelin, 
aflTorded  the  following  results : — 

Peroxide  of  Iron 80*25 

Water 1500 

Silica 3-75 


99*00 


This  per-centage  corresponds  to  two  atoms  of  peroxide  of  iron 
united  with  three  equivalents  of  water,  and  its  formula  will  conse- 
quently be  2Fe803  +  8H0. 

This  ore  is  frequently  found  in  pseudomorphic  forms,  among 
which  cubes  and  octahedrons  produced  by  the  decomposition  of 
iron  pyrites  are  the  most  common.  It  also  not  unfrequently 
occurs  in  rhombohedrons  formed  by  the  substitution  of  carbonate 
of  iron,  as  also  in  the  moulds  left  by  the  decomposition  of  shells 
and  madrepores,  whose  shapes  the  mineral  consequently  assumes. 

It  sometimes  also  forms  stalactites,  having  a  fibrous  or  compact 
structure,  and  in  the  centres  of  these,  as  at  Oulle,  pieces  of  me- 
tallic iron  are  occasionally  discovered.  In  some  localities  this 
mineral  is  found  in  hollow  reniform  masses,  inclosing  in  their 
centres  loose  globular  fragments  of  the  same  substance. 

Pea  iron  is  one  of  the  forms  of  this  hydrated  oxide,  and  is  fre- 
quently found  in  large  deposits  in  the  oolitic  formations,  where 
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the  grains  are  either  cemented  together  by  the  same  substance,  or 
exist  as  detached  bodies. 

This  mineral  often  occurs  in  an  earthj  state,  and  when  naturally 
mixed  with  a  considerable  proportion  of  aluminous  matter,  ac- 
quires a  peculiar  softness  of  texture,  and  is  known  by  the  name  of 
yellow  ochre. 

This  substance  is  in  many  countries  one  of  the  most  plentiful 
and  valuable  ores  of  iron,  and  is  that  which,  in  the  oolitic  form, 
supplies  by  far  the  greater  number  of  the  French  iron  works.  In 
that  state  it  is  found  in  large  quantities  in  Normandy,  Berry, 
Burgundy,  Lorraine,  and  many  other  places ;  and  when  washed 
for  the  purpose  of  separating  the  lighter  impurities,  yields  an 
excellent  material  for  the  manu&cture  of  iron.  It  is,  howeyer, 
remarked,  that  whenever  the  beds  of  oolitic  iron  are  found  to 
alternate  with  calcareous  deposits,  the  metal  produced  is  very 
brittle  (cold  short),  and  consequenth*  unfitted  for  many  purposes 
to  which  pure  iron  can  be  applied.  This  is  attributed  to  the  pre- 
sence of  phosphorus,  derived  firom  the  organic  matter  always 
present  in  chaUc,  and  which  has  the  property  of  rendering  iron 
extremely  brittle,  even  when  present  in  very  minute  quantify. 

Gethlte;  Fer  hydroxidd ;  Rubin-Olimmer — is  an  oxide  of  iron 
containing;  one-half  the  amount  of  water  which  is  present  in  the 
ordinary  hvdrated  ores.  This  variety  is  comparatively  rare,  but 
occurs  m  the  forin  of  acicula^  drystal6  in  various  localities.  It  is 
found  associated  with  quartz  in  the  Cavities  of  sandstone  at 
Clifton,  near  Brilrtior;  in  pure  black  ctystald  at  St.  Just  and  Lost- 
withiel  in  Cornwall,  jeJso  at  Lake  Onega  in  Siberia,  and  at  Eiserfeld 
in  Nassau. 

A  specimen  of  this  substance  firom  St.  Just,  analysed  by  Gdiom- 
son,  was  found  to  be  composed  of— 

Peroxide  of  Iron 91*70 

Water 860 

100-20 

This  corresponds  to  three  equivalents  of  peroxide  united  to 
two  of  water,  and  its  composition  is  therefore  represented  by  the 
formula  3Fe,0,+2HO. 

Iron  Pyrites;  Fer  Sulfiiri ;  EUenkiea,  crystallises  in  the 
cubic  system  firequently  in  pentagonal  dodecahedrons,  also  in  oo» 
tahedrons  and  cubes,  more  or  less  modified.  Colour,  bronze-yeUow, 
with  a  metallic  lustre ;  streak,  brownish-black ;  specific  gravity, 
from  4*8  to  6*1 ;  is  brittle,  and  strikes  fire  with  steel ;  does  not 
yield  to  the  knife.    The  cleavage  is  parallel  to  the  &ce8  of  the 
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cube  and  octahedron :  \rhen  struck,  it  breaks  with  a  conchoidal 
uneven  iracture.    It  consists  of — 

Iron 46*74 

Sulphur 54'26 


10000 


Or  two  atoms  of  sulphur  united  with  one  of  iron,  and  is  there- 
fore represented  by  the  formula  FeS,. 

Some  of  the  more  common  forms  of  the  crystals  of  this  substance 
are  represented  below. 


Iron  pyrites  occurs  in  small  cubical  crystals  in  reins  and  in 
▼arious  slate-rocks  and  coal-fields,  and  in  globular  concretions 
imbedded  in  indurated  day  and  chalk. 

It  also  accompanies  the  ores  of  all  the  other  metals,  and 
extends  from  the  oldest  primitive  rocks  up  to  the  newest  alluvial 
deposits.  It  usually  occurs  crystallised,  but  also  in  irregular 
masses  and  imitative  forms ;  replacing,  in  many  inJBtances,  remains 
of  both  animal  and  vegetable  origin. 

The  crystals  from  the  island  of  Elba  are  extremely  large  and 
beautiful,  and  ofben  present  pentagonal  dodecahedrons  of  t&ree  or 
four  inches  in  diameter.  The  Cornish  mines  furnish  cubes  of 
gigantic  dimensions,  and  ver^r  perfect  octahedrons  of  equal  size  are 
obtained  from  Sweden.  Besiaes  occurring  in  all  districts  which 
produce  other  metallic  minerab,  it  is  abimdantly  found  in  many  of 
the  coal  fields,  where,  by  its  oxidation  and  conversion  into  sulphate 
of  iron  (green  copperas),  it  sometimes  produces  sufficient  heat  to 
cause  spontaneous  ignition  of  the  coal  with  which  it  is  associated. 

Iron  pyrites  is  never  metallurgically  treated  for  the  sake  of  the 
iron  which  it  contains,  but  is  frequently  emploved  as  a  source  of 
sulphur  in  manufactories  of  alum  and  sulphuric  acid.  When 
heated  in  the  burners  attached  to  sulphuric  acid  chambers,  good 
pyrites  yields  about  17  per  cent,  of  sulphur,  which  is  burnt  and 
oxidised  in  the  usual  wav ;  but  the  sulphur  thus  obtained  always 
contains  arsenic.  The  hxed  residue  which  remains  in  the  retort 
is,  after  being  withdrawn,  thrown  in  heaps,  and  there  oxidised 
by  exposure  to  the  air  in  a  moist  state.  The  sulphate  of  iron 
thus  formed  is  from  time  to  time  removed  by  lixiviation,  and 
allowed  to  collect  in  sunken  receivers,  from  which  the  solution 
ia  afterwards  pumped  into  evaporators,  where  the  crystallisation  is 
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subsequently  effected.  A  pigment  commonly  known  by  the 
name  of  cohothar^  or  purple  brown,  is  obtained  from  the  undis- 
solved matters  remaining  in  the  heaps.  This  mineral  (iron  py- 
rites) frequently  contains  small  quantities  of  gold  and  silver,  but 
these  are  seldom  present  in  sufficient  proportion  to  allow  of  their 
being  profitably  extracted. 

White  Iron  Pyrttes ;  Fer  Suljure  Blanc  ;  Sparkles, — This  ore 
has  the  same  composition  as  common  iron  pyrites,  but  crystallises 
in  forms  derived  from  the  right  rhombic  prism.  The  colour  of 
this  substance  is  lighter  than  that  of  the  ordinary  variety,  and  it 
is  at  the  same  time  more  liable  to  spontaneous  decomposition.  It 
gives  a  brownish-black  streak,  and  possesses  a  density  varying 
from  4*65  to  4*90.  This  sulphuret  frequently  occurs  in  radiated 
crystallised  masses,  which,  from  some  supposed  resemblance  to  the 
comb  of  a  cock,  is  called  cockscomb  pyrites.  Large  Quantities  of 
this  mineral  are  found  imbedded  in  the  plastic  clay  of  the  brown 
coal  formations  at  Littmitz  and  Altsattel,  near  Carlsbad  in 
Bohemia,  where  it  is  employed  for  the  manufacture  of  sulphuric 
acid  and  alum.  It  is  a  mineral  of  frequent  occurrence  in  nearlj 
all  our  mineral  districts,  and  is  often  found  in  delicate  stalactic 
concretions  in  the  mines  of  Cornwall. 

Maffnetle  Iron  Pyrites;  Pyrite  Moffnetique;  Leberkies, — This 
variety,  which  is  much  less  common  than  the  foregoing,  is  some- 
times found  in  hexagonal  prisms  belonging  to  the  fourth  crystalline 
system,  but  more  &equently  exists  in  crystalline  plates,  as  at 
Konigsberg  in  Norway,and  Andreasberg  in  the  Hartz.  Crystallised 

cimens  are,  however,  extremely  rare,  as  it  generally  forms  amor- 

E»us  masses,  filling  the  fissures  of  certain  crystallised  rocks.  It 
a  specific  gravity  varying  from  4*6  to  4*65,  with  a  colour  between 
bronze-yellow  and  copper-red,  and  leaves  a  dark  greyish-black 
streak.    Its  composition  is — 

Iron 59-85 

Sulphur 4015 

10000 

This  is  found  to  correspond  to  seven  atoms  of  iron  and  ei^ht  of 
sulphur ;  and  the  mineral  may  therefore  be  regarded  as  a  mixture 
of  the  protosulphuret  of  iron,  and  iron  pyrites,  of  which  the 
formula  will  be  Fe  Sj  -f  6  Pe  S.  Although  less  common  than  the 
other  sulphurets  of  iron,  the  granular,  compact,  and  massive 
varieties  of  this  substance  are  lar  frx)m  rare,  and  as  it  is  usually 
found  associated  with  iron  pyrites,  it  is  sometimes  employed  in 
conjunction  with  that  mineral  for  the  manufacture  of  sulphuric 
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acid  and  sulphate  of  iron,  but  is  not  found  in  suflBcient  quantity 
to  be  extensively  applied  to  any  useful  purpose. 

Arsenical  Iron  Pyrites;  Pyrite  Arsenicale;  Mispickel, — This 
mineral  ia  frequently  associated  with  the  ores  of  tin,  and  either 
occurs  in  amorphous  masses  or  in  crystals  derived  from  the  right 
rhombic  prism.  Its  colour  is  greyish  silver-white,  with  a 
metallic  lustre,  and  granular  unequal  fracture.  Specific  Gravity, 
from  6'7  to  6'2.  Streak,  greyish-black.  When  fused  on  cnarcoal 
before  the  blow-pipe,  it  gives  off  copious  white  arsenical  fumes, 
known  by  the  characteristic  smell  of  garlic,  and  the  frised  button 
that  remains  attracts  the  magnetic  needle.  In  appearance  this 
substance  bears  a  certain  resemblance  to  arsenical  cobalt  and 
g^y-nickel,  as  well  as  to  antimonial  silver,  but  may  easily  be  dis- 
tinguished from  them  all  by  the  magnetic  properties  of  the  button 
which  is  produced  on  the  charcoal,  which  in  the  case  of  the  other 
mineraLs  enumerated  does  not  affect  the  magnetic  needle.  Besides 
this,  cobalt  communicates  a  blue  colour  to  borax  ;  nickel  gives  it 
an  apple-green  tint;  and  from  antimonial  silver,  a  button  of 
metamc  sHver  is  easily  obtained  when  heated  by  the  blowpipe  on  a 
piece  of  charcoal.  The  composition  of  mispickel  is,  according  to 
the  analysis  of  Chevreul — 

Sulphur 20132 

Arsenic 43*418 

Iron 34-938 


98-488 


It  follows  from  this  that  arsenical  pyrites  is  an  arsenio-sulphuret 
of  iron,  represented  by  the  formula  Fe  Sa  -|-  Fe  Asj,  in  which 
a  portion  of  the  sulphur  of  ordinary  pyrites  has  been  replaced  by 
arsenic.  Mispickel  principally  occurs  in  the  primitive  formations 
accompanying  ores  of  silver,  lead,  and  tin,  and  is  also  associated 
with  pyrites,  quartz,  and  blende.  It  is  exclusively  worked  as  an 
ore  of  arsenic,  as  from  it  the  greater  portion  of  the  commercial 
white  oxide  of  arsenic  is  prepared  by  sublimation.  Arsenical 
pyrites  is  plentiful  in  some  of  the  mining  districts  of  Saxony, 
and  also  occturs  in  considerable  quantities  in  the  Hartz,  Bo- 
hemia, Sweden,  and  at  Huel  Unanimity,  and  other  Cornish 
mines. 

Axotomons  Arsenical  Pyrites ;  Fer  Arsenicale  Axotome. — This 
is  a  comparatively  rare  mineral,  which,  although  generally  found 
amorphous,  sometimes  occurs  in  the  same  forms  as  the  foregoing. 
In  general  appearance  this  substance  resembles  mispickel ;  has  a 
speciHc  gravity  varying  from  7*1  to  7*4,  and  possesses  a  well  defined 
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oleava^  parallel  to  the  base  of  the  prism.     According  to  the 
analysis  of  Hoffmann,  this  substance  is  composed  of 

Sulphur 1-94 

Arsenic 65*99 

Iron 2806 

Qangue 217 

^         9816 

This  corresponds  to  two  atoms  of  arsenic  united  to  one  equi- 
valent of  iron,  and  its  formula  will  therefore  be  Fe  As2,  in  which 
the  sulphur  of  ordin^  iron  pjrites  is  replaced  by  an  equivalent 
amount  of  arsenic.  lliis  ore  is  found  associated  with  copper- 
nickel  at  Schladming,  in  Styria ;  with  serpentine  at  Beichenstein^ 
in  Silesia ;  and  in  a  bed  of  spany  iron  at  lidling,  in  Gannthia. 

Carbonate  of  Iron ;  Fer  VarbonatS  ;  ^M^n^a/X;— occurs  in  rhom- 
bohedrons  and  six-sided  prisms,  and  may  easilj  be  mistaken  for  car- 
bonate of  lime,  from  which  the  crystals  slightly  differ  in  the  value  of 
their  angles.  Is  more  commonlj  massive,  with  a  foliated  and  some- 
what curved  structure.  Sometimes  in  globular  concretions,  or  len« 
ticular  masses.  Colour,  light-grey,  but  when  externally  decom- 
posed becomes  dark-brown  or  nearly  black.  It  is  usuaUy  almost 
opaque,  with  sometimes  a  pearly  lustre,  but  small  transparent 
crystals  have  been  found  in  the  neighbourhood  of  St.  Austell,  in 
Cornwall,  where  it  occurs  in  scalene  dodecahedrons.  Streak  un- 
coloured.  Specific  gravity  from  3*0  to  3*85.  When  pure,  is  com- 
posed of 

Protoxide  of  Iron 61-37 

Carbonic  Acid 38*63 

10000 
It  is  consequently  a  carbonate  of  the  protoxide  of  iron,  and 
represented  by  the  formula  EeO,  CO3.  Spathose  iron  is  found  in 
rocks  of  very  different  ages,  and  is  fluently  observed  to  accom- 
pany other  metallic  ores,  such  as  those  of  lead  and  copper.  Car^ 
bonate  of  iron  is,  however,  most  plentiful  in  gneiss  grey-wacke, 
and  the  coal  formations.  The  beds  of  Styria  and  Carinthia  occur 
in  gneiss ;  that  of  the  Hartz  is  found  in  grey-wacke  ;  whilst  the 
English  deposits,  from  which  the  greater  portion  of  the  iron  manu- 
factured in  this  countrv  is  obtained,  are  exclusively  confined  to 
the  coal  formation.  This  mineral  is  frequently  extracted  from  the 
same  pits  by  which  the  coals  are  raised  to  the  surface,  and  either 
occurs  in  reniform  and  lenticular  septaria,  imbedded  in  the  clay 
found  in  the  vicinity  of  the  seams,  or  forms  distinct  beds  alternating 
with  those  from  which  the  coal  itself  is  extracted.     The  facilities 
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thus  afforded  to  the  iron  manufacturer,  by  the  presence  in  the 
same  locality  of  the  ores  and  the  fuel  required  for  their  reduction, 
are  eyidentlj  the  chief  cause  of  the  great  superiority  of  the  iron 
works  of  G-reat  Britain,  and  the  low  price  at  which  that  metal  is 
produced.  The  principal  deposits  of  this  substance  in  the  united 
Kingdom  are  those  of  Dudley,  the  products  of  which  are  chiefly 
sent  to  Liverpool ;  those  of  Lanarkshire  and  Ayrshire,  in  Scotland; 
and  those  of  Wales,  which  are  situated  on  the  sea  coast. 

All  coal  formations  do  not,  however,  produce  iron  ore;  the 
JN^ewcastle  district,  which  is  perhaps  the  richest  coal  field  in  the 
world,  yields  so  little  iron,  that  the  furnaces  which  are  worked  in 
that  neighbourhood  are  principally  supplied  by  ores  brought  by 
sea  firom  a  considerable  distance.  The  French  coal  fields,  idso,  do 
not  generally  yield  a  sufficient  amount  of  carbonate  of  iron  to 
Tender  its  extraction  a  matter  of  importance;  but  to  this  peculiarity 
the  basin  of  Aveyron  is  a  remarkable  exception,  the  nourishing 
iron  works  of  Decazeville  being  supplied  both  with  ore  and  cofQ 
from  seams  in  their  immediate  neighbourhood.  The  ores  treated  for 
metallurgic  purposes  are  always  more  or  less  impure,  and  usually 
yield  firom  24  to  86  per  cent,  of  metallic  iron.  The  following 
analyses,  of  which,  those  of  the  Scotch  varieties  are  by  Colquhoun, 
and  the  French  by  Berthier,  show  the  composition  of  some  of  the 
more  common  ores  accompanying  the  coal  deposits.^ 
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Ores  containing  small  quantities  of  manganese  are  found  to 
produce  excellent  iron  for  the  purposes  of  the  steel  manufacture, 
whilst  the  presence  of  a  large  amount  of  magnesia  is  usually  detri- 


1  jyjxMnoj,  Traits  de  Mineralogie,  toL  ii.  p.  604. 
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mental  to  the  quality  of  the  metal  obtained :  when,  however,  it  ii 
merely  present  in  small  quantities,  together  with  a  portion  of  lime, 
it  tends  to  liquify  the  slags,  and  is  therefore  rather  adyantageous. 

Chrome  Iron;  Fer  Chrome;  EUenchrom — crystallises  in  the 
cubic  system,  and  is  sometimes  found  in  octahedral  crystals 
without  distinct  cleavage.  Commonly  occurs  in  the  massive  form, 
is  of  an  iron-black  or  brownish-black  colour,  and  when  broken 
presents  a  dull  uneven  surface.  It  is  slightly  attracted  by  the 
magnet,  has  a  dark-brown  streak,  and  a  density  varying  firom  4*3  to 
4*5.  When  fused  with  borax  before  the  blowpipe  this  mineral  com- 
municates a  fine  green  colour  to  the  button.  The  beautiM  green 
colour  of  the  emerald  is  due  to  the  presence  of  oxide  of  chromium. 

Chrome  iron  appears  to  be  essentialljr  composed  of  protoxide  of 
iron,  alumina,  ana  sesqui-oxide  of  chromium ;  but  as  the  two  oxides 
are  isomorphous,  they  seem  to  replace  each  other  in  various  pro- 
portions. A  specimen  of  crvstaUised  chrome  iron fix)m  Baltimore, 
IJ.  S.,  analysed  by  Abich,  afforded  the  following  results — 

Oxide  of  chromium 6004 

Protoxide  of  iron 2013 

Alumina 11*85 

Magnesia 7*45 

99-47 

Chrome  iron  is  ordinarily  found  in  veins  traversing  serpentine 
rock,  and  occurs  in  Styria  and  the  Shetland  islands,  where  it  is 
obtained  in  sufficient  quantity  to  render  it  an  article  of  export. 
Octahedral  crystals  have  been  met  with  in  New  Jersey,  but  m  its 
other  localities  it  is  found  in  the  massive  state  only. 

Amorphous  chrome  iron  is  obtained  in  France,  Silesia,  Bohemia, 
and  Greenland.  Is  principallv  employed  in  the  arts  for  the  pur- 
pose of  making  chromate  and  bicnromate  of  potash,  which  are 
used  in  the  manufacture  of  various  red  and  yellow  pigments.  For 
this  purpose  chrome  ore  in  fine  powder  is  heated  in  a  reverberatory 
furnace,  carbonate  of  potash,  mixed  with  a  portion  of  nitre,  is 
occasionaUy  added,  ana  the  mass  constantly  stirred  to  facilitate 
the  oxidation. 

By  this  means  chromic  acid  is  produced,  which,  uniting  with  a 
portion  of  the  potash  present,  forms  an  impure  chiomate  of  potash, 
contaminated  with  a  certain  amount  of  the  silicate  and  aluminate 
of  the  same  base.  On  removing  the  roasted  mass  from  the  ftuv 
nace  it  it  lixiviated  with  hot  water,  which  dissolves  out  the  whole 
of  the  soluble  alkaline  salts.  To  this  solution  a  slight  excess  of 
nitric  acid  is  added,  which  not  only  precipitates  the  silica,  but  by 
uniting  with  one*half  its  potash  converts  the  neutral  chromate  into 
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the  bicbiotnate,  and  this  being  much  less  soluble  than  the  chro- 
mate,  is  easily  separated  by  crystallisation.  This  salt  is  purified 
by  a  second  crystallisation. 

Tiuffttate  of  Iron ;  SchSelin  FerruginS ;  Wolfram.^ k.  mineral 
of  a  brown-black  or  iron-black  colour.  Occurring  either  in  crys- 
*tab  derived  from  the  rectangular  or  right  rhombic  prism,  or  in 
masses  which  are  distinctly  lamellar  in  one  direction.  It  is  also 
sometimes  found  in  pseudomorphous  forms  imitatiye  of  tungstate 
of  lime.  Streak,  brownish-blftck.  Density  from  6*3  to  6*8. 
Cleayage  tolerably  perfect  in  the  direction  of  the  laminae.  A  spe- 
cimen &om  Limoges,  analysed  by  Ebelmen,  gaye  the  following 
results : — 

Tungstic  Acid 7220 

Protoxide  of  Iron 1919 

„        Manganese 4*48 

Magnesia '80 

96-67 

This  and  other  analyses  show  this  substance  to  be  a  double 
tungstate  of  iron  and  manganese  (Fe,  Mn)  O  -f  WOs,  but  as  tbe 
protoxides  of  these  metals  are  isomorphous,  they  are  capable  of 
replacing  each  other  in  all  proportions. 

Wolfiraun  generally  accompanies  tin,  particularly  in  Cornwall, 
where  in  many  places  it  occurs  in  sucn  quantities  as  to  ma^ 
.teriaUy  detract  from  the  yalue  of  tbe  ores  with  which  it  is  asso- 
ciated. It  is  also  found  in  the  tin  mines  of  Bohemia,  as  well  as 
in  Greenland,  Siberia,  and  at  Limoges,  in  France.  This  mineral 
haa  been  recently  employed  for  the  purpose  of  making  tungstate 
of  lead,  which  is  intended  to  be  used  as  a  pigment  instead  of  the 
ordinary  carbonate  at  present  in  common  use. 


S8TIMATI0K  OF  IBOK,  AND  ITS  SXPAfBATIOK  FBOM  OTHEB  METALS. 

For  the  purpose  of  analysis,  iron  is  almost  inyariably 
weighed  in  the  state  of  peroxide,  from  the  weight  of  which  the 
amount  of  metallic  iron  is  easily  deduced  by  calculation.^  When 
this  oxide  exists  ready  formed  in  a  liquid,  it  is  best  precipitated 
either  by  ammonia  or  its  carbonate,  care  being  taken  not  to 
operate  on  a  cold  solution,  as  in  that  case  the  oxide  will  be  de- 
posited as  a  hydrated  gelatinous  mass,  extremely  difficult  to 
purify  by  washing.     When,  on  the  contrary,  the  iron  is  present 

'  Peroxide  of  iron  yields  70*0  per  cent,  of  metallic  iron. 
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in  the  form  of  protoxide,  it  is  necessary  before  precipitation  to 
convert  it  into  peroxide.  This  may  be  effected  either  by  the  addi- 
tion of  nitric  acid,  and  the  subsequent  ebullition  of  the  solution, 
or  by  passing  through  it  a  current  of  chlorine  gas.  In  the  latter 
case  the  excess  of  chlorine  is  expelled  by  boilmg,  and  the  oxide 
of  iron  afterwards  precipitated  by  ammonia.  The  oxidation  of  • 
protoxide  of  iron  may  also  be  produced  by  boiling  the  liouor  in 
which  it  is  contained  with  hydrochloric  acid  and  a  little  chlorate 
of  potash.  In  this  instance  the  oxidation  of  the  protoxide  is 
caused  by  the  mutual  decomposition  of  hydrochlonc  acid  and 
chlorate  of  potash,  by  which  chlorine  being  set  free,  produces, 
from  its  great  affinity  for  hydrogen,  the  peroxidation  of  the  iron 
present.  When  great  analytical  exactitude  is  required,  it  is 
often  found  advantageous  to  precipitate  the  iron,  by  either  the 
succinate  or  benzoate  of  ammonia,  instead  of  employing  the  caustic 
alkali.  These  reagents  precipitate  oxide  of  iron  much  more 
completely  than  can  be  effected  by  the  use  of  ammonia ;  for  if  this 
substance  be  added  in  excess,  a  small  portion  of  the  sesquioxide 
at  first  precipitated  is  redissolved  in  the  precipitant,  and  the 
result  obtained  to  a  certain  extent  vitiated.  The  precipitated 
succinate  or  benzoate  of  iron  is  first  decomposed  by  heating  in  a 
platinum  crucible,  and  then  weighed  in  the  state  of  peroxide. 

It  sometimes  happens  that  the  operator  is  obliged  to  throw  down 
the  sesquioxide  by  the  use  of  caustic  potash  added  in  excess. 
When  this  is  done  the  precipitate  invariably  retains  traces  of 
the  precipitant  which  can  only  be  removed  by  long  continued 
washmg  in  distilled  water.  Should  the  quantity  of  iron  present 
be  large,  the  precipitate  first  obtained  is  most  readily  freed  fr^m 
potash,  by  redissolvin^  it  in  dilute  hydrochloric  acid,  carefully 
neutralising  by  anmionia  and  subsequent  precipitation  by  the  suc- 
cinate or  benzoate  of  that  alkali.  When  the  solution  contains 
organic  matter,  such  as  sugar,  starch,  or  certain  of  the  vegetable 
amds,  the  peroxide  present  is  no  longer  precipitable,  either  by 
ammonia  or  its  carbonate,  and  it  must  in  that  case  be  treated 
with  sulphide  of  ammonium,  which  precipitates  the  whole  of  the 
iron  in  the  form  of  sulphuret.*  To  ootain  the  iron  in  the  state  of 
sesquioxide,  this  precipitate  should  be  thrown  on  a  filter  and  care- 
fully washed,  care  being  taken  to  add  a  small  quantity  of  sulphide 
of  ammonium  to  the  water,  to  prevent  the  formation  of  soluble 
sulphate  of  iron,  which,  if  produced,  would  pass  through  the 
filter  and  be  lost.  When  sufficientlv  washed,  the  matter  remaining 
in  the  filter  is  dissolved  in  hydrochloric  acid,  the  iron  peroxidised 
by  one  of  the  methods  above  described,  and  precipitated  either 
by  succinate  or  benzoate  of  ammonia. 

^  The  term  sulphide,  pow  emploved  by  chemists  aa  Bynon^ous  with  aul- 
})hiiret,  has  not  Meu,  as  yet,  gonen^y  adopted  by  mineralogists,. 
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Iron  is  separated  from  the  alkalies  either  by  ammonia  or  its 
succinate.  The  same  means  are  also  employed  for  the  purpose  of 
separating  that  metal  from  the  alkaline  earths ;  but  in  tnis  case  it 
is  necessary  to  be  yeiy  particular  that  the  ammonia  employed  be 
perfectly  caustic,  as  snould  it  contain  any  traces  of  carbonic 
acid,  the  precipitate  necessarily  becomes  contaminated  by  the 
carbonates  of  the  alkaline  earths  present  in  the  solution.  When 
oxide  of  iron  is  to  be  separated  m)m  ma^esia,  it  is  necessary  to 
add  such  a  quantity  of  chloride  of  ammonium  to  the  liquor  as  will 
preyent  the  precipitation  of  that  earth  by  ammonia.  If,  howeyer, 
the  solution  to  which  ammonia  is  to  be  added  contains  much  free 
hydrochloric  acid,  the  addition  of  sal-ammoniac  will  be  unnecessary, 
as  a  sufficient  amount  of  this  salt  to  keep  the  magnesia  in  solu- 
tion will  be  formed  on  adding  the  ammonia. 

Iron  is  separated  from  alumina  by  first  conyerting  it  into  a  salt 
of  the  peroxide,  and  afterwards  precipitating  by  an  excess  of  piu*e 
caustic  potash.  By  ebullition,  the  alumina,  which  is  at  first  thrown 
down  with  the  oxide  of  iron,  is  redissolyed,  and  the  latter  will 
alone  be  precipitated*  This  is  separated  from  the  liquor  by  filtra- 
tion while  still  hot,  and  the  alumina  subsequently  obtained  from 
the  filtrate  by  first  adding  an  excess  of  hydrochloric  acid,  and  after- 
wards precipitating  by  carbonate  of  ammonia.  The  separation  of 
iron  from  manganese  is  effected  by  the  same  reagents  as  are  em- 
ployed for  its  precipitation  from  solutions  containing  salts  of 
magnesia.  The  liquor  is  first  eyaporated  with  nitric  acid^  by  which 
the  iron  present  is  peroxidised,  whilst  the  manganese,  m)m  the 
instability  of  the  salts  of  its  higher  oxides,  remains  in  the  form 
of  protoxide.  If  sufficient  hydrochloric  acid  be  not  present,  sal- 
ammoniac  is  now  added  to  preyent  the  precipitation  of  oxide  of 
manganese  by  ammonia,  and  the  sesquioxide  oi  iron  is  thrown  down 
either  by  succinate  or  benzoate  of  ammonia,  or  by  caustic  ammonia. 
The  precipitate  is  then  separated  by  filtration,  and  the  manganese 
thrown  down  in  the  state  of  sulphuret  by  the  addition  of  sulphide 
of  ammonium.  This  is  afterwards  dissolyed  in  a  little  dilute  nitro- 
hydrocbloric  acid,  and  precipitated  by  carbonate  of  soda  in  the 
form  of  carbonate,  which,  by  being  strongly  heated,  is  conyerted 
into  the  red  oxide  of  manganese,  in  whicn  form  it  is  weighed. 
Iron  may  also  be  readily  separated  from  manganese  by  another 
process  dependent  on  the  instability  of  the  sfUts  formed  by  the 
nigher  oxides  of  the  latter  metal.  A  solution  containing  salts  of 
peroxide  of  iron  is  (when  it  contains  much  free  acid)  of  a  light 
yeUow  colour;  but  if  ammonia  or  carbonate  of  soda  be  gradually 
added  it  slowly  becomes  darker,  and  ultimately,  before  any  portion 
of  the  oxide  is  deposited,  assumes  a  dark-brown  colour.  If  at 
this  point  the  liquor  be  heated  to  ebullition,  the  whole  of  the  oxide 
of  iron  is  deposited,  and  a  clear  fluid  will  remain,  whicb  co 
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the  salts  of  the  protoxide  of  manganese.  The  oxide  of  iron  is  now 
to  be  removed  by  filtration,  and  the  manganese  thrown  down  by 
boiling  with  an  excess  of  the  precipitant  originally  employed.  If, 
after  the  deposit  of  the  oxide  of  iron,  the  filtrate  should  still 
remain  slightly  coloured,  a  few  drops  of  the  solution  of  carbonate  of 
soda  are  to  be  cautiously  added,  and  the  liquor  again  boiled  to 
separate  the  last  traces  of  iron.  With  careful  manipulation  this 
method  may  be  made  to  afibrd  results  sufficiently  accurate  for  all 
commercial  purposes,  as  the  oxides  having  the  general  formula 
EiOs,  are  far  weaker  bases  than  those  represented  by  RO,  and 
consequently  allow  considerable  latitude  before  the  precipitation 
of  the  latter  begins  to  take  place.  Where  extreme  accuracy  is, 
however,  required,  the  separation  is  most  advantageouslv  efiected 
by  the  use  of  either  succinate  or  benzoate  of  ammonia,  added  with 
the  precautions  before  described. 

A4SAY  0?  IBOK  OBES. 


ilpparstiisv— Eorthe  assay  of  iron  ores  a  wind  furnace,  of  the 
form  shown  in  fig.  101,  is  required.  This,  in  order  that  it  may 
have  a  good  draught,  must  be  connected  with  a  chimney  of  at 
least  thirty  feet  in  height,  and  care  should  be  taken  that  no  cold 
air  be  admitted  into  the  flue  by  means  of  openings  belonging  to 
any  other  fire-place.    Wind  furnaces  are  usually  built  of  8u<m  a 

size  that  four  assays  may  be  made  at 
the  same  time,  by  which,  not  only 
a  better  heat  is  obtained,  but  the 
loss  of  time  and  fuel  attendant  on  the 
alternate  heating  and  cooling  of  a 
large  mass  of  brick-work  is  to  a 
great  extent  avoided .  A  good  size  for 
such  a  furnace  is  14  inches  square, 
and  2  feet  in  depth  from  the  under 
side  of  the  cover  «  /,  to  the  move- 
able bars  of  iron  which  form  the 
grate :  these  should  be  made  of  li 
inch  iron,  and  rest  on  two  fixed  bars 
built  into  the  masonir  of  the  furnace 
for  that  purpose.  The  ash-pit  c,  is 
slightly  raised  from  the  floor-line 
for  the  convenience  of  withdrawing 
the  incombustible  cinder  which  falls 
through  the  bars ;  and  the  opening 
d,  serves  for  the  insertion  or  with- 
drawal of  the  bars  which  constitute 
the  grate.    The  chimney  b,  may  be  of  almost  an^  ^^gn^^t  size, 
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proyided  it  is  sufficiently  large ;  but  wbenits  area  is  less  than  one- 
half'  of  that  of  the  fire-place  a,  the  draught  is  seldom  to  be  depended 
on.  The  quantity  of  air  passing  through  the  apparatus  is  regu- 
lated by  a  damper  o,  fixed  in  the  chimney  in  an  ffon  jframe,  and 
placed  at  a  convenient  distance  from  the  ground.  This  is  opened 
and  shut  by  means  of  a  projectingiron  rod,  and  serves  for  regu- 
lating the  heat  of  the  furnace.  When  used,  the  mouth  of  the 
hearth  may  be  closed  either  with  an  iron  cover  lined  with  fire- 
bricks, or  by  an  ordinary  fire-tile  ef.  In  some  instances  furnaces 
of  this  kind  are  externally  lined  with  thick  plates  of  cast  iron, 
which  being  strongly  bolted  together,  add  greatly  to  the  solidity 
of  the  apparatus,  and  at  the  same  time  prevent  its  being  cooled  by 
the  entrance  of  cold  air  through  the  fissures  which  are  liable  to  occur 
between  the  joints  of  brick-work  when  not  thus  protected.  The 
distance  allowed  between  the  bars  will  depend  m  a  great  mea- 
sure both  on  the  draught  and  the  character  of  the  i^el  which  is  to 
be  employed,  as  when  charcoal  is  used  it  is  liable  to  crumble  and 
fall  into  the  ash-pit,  if  the  space  between  the  grate  be  too  large. 
If,  on  the  contrary,  they  are  placed  too  closely  together,  the  passage 
of  the  air  is  impeded,  and  the  heat  of  the  furnace  is  consequently 
not  kept  up.  Uoke  is  the  i^el  most  commonly  employed  in  such 
furnaces,  and  a  convenient  distance  for  the  bars  is  in  that  case 
i  of  an  inch ;  but  if  a  mixture  of  coke  and  charcoal  be  used, 
the  grate  should  be  a  little  closer.  These  arrangements  are, 
however,  easily  made  even  after  lighting  the  furnace,  as  a  bar  can 
be  withdrai^n  with  a  pair  of  tongs  through  the  aperture  dy  and  the 
places  of  the  others  afterwards  regulated. 

The  above  furnace  should  be  accompanied  with  an  assortment 
of  difiTerent  kinds  of  tongs  to  be  employed  for  various  purposes. 
Por  charging  lumps  of  charcoal  into  hollow  places,  and    c;^^^.^ 
removing  hot  crucibles  after  their  withdrawal  from  the 
fire,  that  of  the  form  represented,  fig.  102,  will  be 
found  very  convenient.      Another  kind  of  tongs  in- 
tended for  removing  a  crucible  from  the  fire,  either  by 
grasping  it  in  the  bent  part,  or  by  taking  one  of  its 
sides  between  the  jaws,  is  represented  by  fig.  103.    Fig. 
IM  is  of  a  difierent  form,  and  chiefiy  employed  for  lifting 
uncovered  crucibles,  as  it  is  only  adapted  for  laying 
hold  of  the  sides  of  the  vessel.    All  these  varieties  are, 
however,  straight,  and  rather  short  in  the  handles,  and 
consequentiy  merely  adapted  for  removing  bodies  frx)m 
the  fiimace  when  not  very  highly  heated     Tor  this 
reason,  if  they  be  employed  for  taking  crucibles  from       1^* 
a  wind  furnace  of  the  kind  just  described,  it  will  be  found 
necessary  to  allow  it  to  cool  for  at  least  an  hour  after  the 
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ansajTS  are  completed  before  the  crucibles  can  be  withdrawn.  To 
obviate  this  inconyenience,  and  prevent  loss  of  time,  the  tongs 
represented,  fig.  106,  are  conveniently  employed.    These  being  long 


108.  104.  106. 

in  the  handles,  and  provided  with  very  strong  bent  jaws,  may  be  used 
as  soon  as  the  crucibles  are  sufficiently  ha:^ened  to  bear  removal ; 
•but  as  at  this  point  the  furnace  is  extremely  hot,  it  is  sometimes 
difficult  to  look  into  the  fire,  in  order  to  see 
where  to  apply  the  tongs.  This  inconvenience 
is  much  lessened  by  using  a  wooden  shield, 
represented  by  fig.  i06,  in  which  a  is  a  small 
rectangular  hole  into  which  a  piece  of  common 
window-glass  is  inserted,  ana  b  a  handle  by 
which  it  m^  be  held  before  the  face  of  the 
operator.  When  this  shield  is  employed,  it 
should  be  held  before  the  person  using  the 
tongs  by  an  assistant.  By  this  contrivance  the 
heat  is  effectually  prevented  fix)m  reaching  the 
face,  whilst  the  small  glazed  aperture  allows  of  the  interior  of  the 
i^imace  being  distinctfy  seen.  If  the  opening  a  be  closed  by  a 
jfragment  of  blue  or  green  glass,  it  will  be  found  a  great  improve- 
ment, as  the  glowing  crucible  may  then  be  looked  at  without 
injury  to  the  sight. 

In  addition  to  the  foregoing,  it  is  necessary  to  be  provided 
with  a  large  cast-iron  mortmr,  a  small  anvil,  a  hammer,  ana  a  sheet 
of  tin-plate,  of  which  the  various  uses  will  shortly  be  described. 

Preliminary  •pcratloni. — The  assay  of  an  iron  ore  yields  on  a 
small  scale  similar  results  to  those  obtained  in  the  large  way,  and 
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consequently  has  the  advantage  over  analysis,  of  affording  infor- 
mation of  a  more  practical  character.  Before,  however,  operating 
in  the  dry  way,  it  is  found  necessary  to  obtain  some  definite  know- 
ledge of  the  mineral  to  be  treated,  in  order  to  determine  what 
fluxes  should  be  added,  for  the  purpose  of  affording  at  the  same 
time  a  fusible  slag,  and  the  largest  possible  proportion  of  metallic 
iron.     The  ores  of  iron  may  be  divided  into  three  classes  : — 

Ist.  Those  which  chiefly  consist  of  hydrated  sesquioxide  of  iron. 

2nd.  Those  which  contain  the  metal  in  the  state  of  anhydrous 
oxide,  such  as  fer  oligiste  and  magnetic  iron  ore. 

drd.  Spathose  ores,  which  are  composed  of  the  carbonate  of  the 
protoxide.' 

The  preliminary  examination  of  minerals  of  the  first  class  ma^ 
be  conducted  in  the  following  way.  A  portion  of  the  ore  is 
selected,  which  as  nearly  as  possible  represents  a  fair  average  of 
the  mineral  to  be  treated.  This  is  powdered  in  a  large  iron 
mortar,  and  then,  in  order  to  thoroughly  mix  the  different  parti- 
cles, the  whole  is  sifted  through  a  sieve  of  coarse  wire-gauze.  Of 
this  coarse  powder  about  one  thousand  ^ains  must  be  taken  and 
again  pounded  in  the  iron  mortar  untu  the  whole  has  been  made 
to  pass  through  a  second  sieve  of  very  fine  wire-gauze.  The  object 
of  first  pounding  the  whole  of  the  sample  selected,  and  then  select^ 
ing  a  portion  omy  for  the  purposes  of  the  assay,  is  to  ensure  perfect 
uniformity  of  composition,  and  the  nearest  possible  correspondence 
between  the  results  obtained  by  assay  and  those  yielded  by  the 
blast  furnace  in  the  large  way.  Of  the  finely  pulverised  ore,  50 
grains  are  placed  in  a  platinum  crucible  and  heated  to  redness  over 
a  gas  flame,  by  which  means  the  water  and  carbonic  acid  present 
are  driven  off  The  crucible  and  its  contents  are  now  placed  in 
the  balance,  and  if  the  weight  of  the  calcined  matter  be  called  w, 
the  amount  of  water  and  carbonic  acid  expelled  will  be  repre- 
sented by  (50— «?). 

The  calcined  ore  may  now  be  thrown  away,  and  50  other  grains 
taken,  which  are  to  be  attacked  in  the  cold  either  by  acetic  or  very 
dilute  nitric  acid.  This  will  dissolve  only  the  carbonates  of  lime 
and  magnesia  which  may  be  present  in  the  gangue,  without  inter* 
fering  with  either  the  oxide  of  iron  or  siliceous  matter.  Should  it 
not  contain  any  earthy  carbonate,  no  effervescence  will  ensue  on 
the  addition  of  an  acid,  and  we  may  consequently  pass  on  to  the  next 
operation ;  but  should  effervescence  take  place,  weak  acid  is  to  be 
added  until  it  entirely  ceases.  When  this  point  has  been  attained, 
the  residue  is  thrown  on  a  filter,  washed  with  a  little  water,  dried 
and  calcined.  If  we  now  call  this  weight  w\  the  weight  of  the 
water,  together  with  that  of  the  carbonates  of  lime  and  magnesia 
containea  in  the  mineral,  will  be  represented  by  (SO-^'-to'),  and 
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consequently  (w — w^  will  be  the  united  weights  of  the  lime  and 
m^nesia  with  which  the  carbonic  acid  was  combined. 

Lastly,  50  mins  of  the  powdered  mineral  are  attacked  with 
concentrated  hydrochloric  acid,  which  is  boiled  until  the  undieh 
solved  matter  which  remains  at  the  bottom  of  the  flask  has  become 
colourless.  This  consists  of  the  siliceous  and  alliaceous  portions 
of  the  gangue,  which  will  alone  remain  undissolyed,  ana  which, 
after  bemg  thrown  on  a  filter  and  washed,  are  calcined  and  weighed. 
The  weight  x>f  this  calcined  residue  being  represented  by  w",  we 
shall,  on  uniting  the  diflerent  results  of  the  various  operations, 
obtaki  the  following  information  relative  to  the  composition  of  the 
mineral: — 

Water  and  Carbonic  Add  =     (50 — ») 

Lime  and  Magnesia         .  =     («?— w') 

Silica  and  Clay        .        .  =        w" 

Oxides  of  Lron  and  Manganese  =  50 — (50 — w) — (w — w')  — 

If  the  mineral  contains  but  a  small  quantity  of  manganese,  the 
weight  (it' — w")  will  represent  with  considerable  exactitude  the 
amount  of  anhydrous  peroxide  of  iron  in  the  ore,  and  will  corre- 

spend  to  the  quantity  of—  (v/ — w")  of  metallic  iron.' 

80 

When  the  ore  to  be  examined  belongs  to  the  second  class,  the 
amount  of  siliceous  gangue  can  no  lonser  be  determined  by  ebullir 
tion  with  hydrochloric  acid,  as  the  anhydrous  peroxide  and  mag- 
netic iron  ore  are  very  sparingly  soluble  in  that  rea^nt.  In  this 
case  the  earthy  carbonates  will  alone  be  dissolved,  and  may  be 
estimated  by  the  loss  sustained  by  boiling  a  known  quantity  of 
the  ore  in  weak  nitric  add,  and  deducting  from  the  amount  the 
water  expelled  by  ignition  in  a  platinum  crucible. 

Native  carbonate  of  iron,  in  which  the  acid  is  combined  with  the 

frotoxide,  FeO,  is  changed  by  calcination  into  the  magnetic  oxide, 
'e,  O4 ;  and,  consequently,  mm  the  absorption  of  a  portion  of 
oxygen  from  the  air,  the  loss  of  weight  experienced  during  the 
operation  will  no  longer  represent  the  amount  of  water  and  car- 
bonic acid  driven  off.  If  the  mineral  be  treated  either  by  acetic  or 
dilute  nitric  acid,  the  earthy  carbonates  are  easily  dissolved ;  but 
as  at  the  same  tim^  a  portipn  of  the  iron  enters  into  solution, 
the  quantity  of  lime  and  magnesia  which  it  contains  cannot  in  this, 
as  in  the  former  cases,  be  determined  by  difference.     It  is,  there- 

^  The  presence  of  manganese  in  a  hydrated  ore  of  iron  may  often  be  d^ 
tected  bj  the  colour  of  the  mineral  when  pulyerised.  If  it  yield  a  dirty  yellowish 
powder,  it  may  be  presumed  to  be  tolerably  free  from  manganese,  as  a  very 
small  quAn.t>t^  pf  pl^  ofj^  of  that  metal  gives  it  a  dark-brown  colour. 
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fore,  necessary  to  attack  the  pounded  mineral  with  boiling  hydro- 
chloric  acid,  to  which  a  portion  of  nitric  acid  has  been  added  for 
the  purpose  of  peroxidising  the  iron.  The  solution  thus  obtained 
is  anerwards  evaporated  to  dr^ess,  to  render  the  silica  insoluble ; 
and,  on  treating  the  residue  with  dilute  acid,  the  soluble  salts  are 
taken  up,  whOst  the  siliceous  and  argillaceous  matters  remain 
undissolyed,  and  may  be  separated  from  the  liquor  by  filtration. 
From  the  filtrate,  the  oxides  of  iron  and  manganese  are  obtained 
by  the  use  of  succinate  of  ammonia  and  sulphide  of  ammonium, 
according  to  the  method  already  described. 

In  order  to  obtain  the  lime,  the  filtrate  from  the  sulphuret  of 
manganese  is  first  boiled,  to  expel  the  excess  of  sulphide  of 
ammonium,  and  then  treated  with  oxalate  of  ammonia,  which 
precipitates  the  lime  in  the  form  of  oxalate.  The  precipitate  thus 
obtained,  after  bein£^  washed  and  dried,  is  first  decomposed  by 
calcination  in  a  platinum  crucible,  and  then  weighed  in  the  form 
of  carbonate,  in  which  state  it  occurs  in  the  mineral.  The  amount 
tff  carbonate  of  magnesia  present  is  then  deduced  from  the  weight 
of  the  pyrophosphate  of  that  base,  obtained  by  the  addition  of  a 
solution  of  nhosphate  of  soda  to  the  filtrate  from  the  precipitate  of 
oxalate  of  mne  above  described.  Every  100  parts  of  this  salt  is 
equivalent  to  76*77  of  carbonate  of  magnesia. 

It  has  been  found,  by  experiment,  that  those  minerals  yield  the 
most  fusible  slags  in  which  the  earthy  carbonates  exist  in  the 
proportion  of  two-thirds  the  amount  of  the  argillaceous  and  sili- 
ceous matters  which  they  contain.  The  foregoing  experiments, 
therefore,  serve  as  a  guide  in  the  selection  and  quantilr  of  the 
fluxes  to  be  employed.  The  ores  of  the  first  and  third  classes 
require  to  be  mixed  vnth  such  quantities  either  of  carbonate  of 
lime  or  china  clay  as  will  make  up  the  proper  proportions  and 
render  the  slags  fusible.  Those  of  the  second  class,  on  the  con- 
trary, seldom  contain  much  carbonate  of  lime,  and,  as  the  amount 
of  earthy  matters  in  these  ores  is  not  very  easily  ascertained,  it  is 
usual  to  mix  them  with  about  one-third  of  their  weight  of  some 
fusible  silicate,  such  as  light-green  bottle  glass.  A  bttle  washed 
chalk  is  also  added  with  advantage  where  no  carbonate  of  hme 
occurs  in  the  mineral,  as  it  prevents  a  portion  of  oxide  of  iron 
from  being  retained  by  the  too  highly  silicified  skig,  and  the  conse- 
quent loss  of  an  equivalent  amount  of  metal. 

■eth#«  of  CoBdnetliiK  an  Assay. — The  assay  of  iron  ores  is  best 
made  in  crucibles  lined  with  powdered  charcoal,  which  not  only 
protects  the  sides  of  the  pots  firom  being  acted  on  by  the  substance 
treated,  but  also  serves  as  the  agent  by  which  the  oxides  are  re- 
duced to  the  metallic  state.  On  accoimt  of  the  high  temperature 
to  which  they  are  subjected,  it  is  absolutely  necessary  that  the 
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crucibles  employed  should  be  composed  of  the  most  refractory 
materials.  Those  usually  known  by  the  name  of  "  London  pots, ' 
and  sold  by  the  yarious  mstrument-dealers  in  the  metropolis,  are 
very  well  fitted  for  this  purpose ;  but  the  comimon  Cornish  and 
Hessian  crucibles  will  also  bear  the  necessaiy  heat,  although  of 
a  less  convenient  form.  In  order  to  line  a  crucible,  it  is  par- 
tiaUv  filled  with  coarsely  powdered  and  slightly  damped  charcoal 
or  orasquey  which  is  then  rammed  into  the  solid  form  by  the  use 
of  a  light  wooden  pestle.  When  the  first  layer  has  become 
sufficiently  compressed,  its  surface  is  scratched  with  a  knife,  for 
the  purpose  of  making  the  second  stratum  adhere  firmly  to  it, 
and  a  little  more  powdered  charcoal  added  and  beaten  down  as 
before.  The  surface  of  this  layer  is  again  rendered  uneven  by 
scratching,  and  the  operation  repeated  until  the  crucible  is  com- 
pletely ^ed.  When  this  is  the  case,  a  cavity,  of  the  form 
shown  in  fig.  107,  is  made  in  the  centre,  leaving  a  limng  of  charcoal 
of  about  half  an  inch  in  thickness  on  the  sides  and 
d  bottom  of  the  pot.     To  prevent  any  of  the  substance 

to  be  examined  from  adhering  to  the  sides,  the  inte- 
rior of  the  cavity  is  now  smoothed  by  rubbing  with 
a  round  glass  pestle,  and  the  upper  edges  are  so 
rounded  off  as  to  prevent  any  portion  of  brasque  from 
falling  into  the  hollow  during  the  time  the  mixture  of 
107.  ^^  ^^^  ^^^  ^B  being  introduced.  One  hundred  grains 
of  the  powdered  ore  are  now  to  be  well  mixed  on  a 
«heet  of  smooth  paper,  with  the  proper  weight  of  flux,  as  indicated 
by  the  result  obtained  from  the  preliminary  investigation,  and 
then  carefully  transferred  to  the  cavity  in  the  lined  crucible,  where 
it  will  occupy  the  position  b  c.  Any  portions  of  the  powder  which 
may  remain  attached  to  the  sides  are  now  carefully  swept  to  the 
bottom  by  a  stifi*  feather,  and  the  space,  a  6,  filled  up  with 
powdered  charcoal,  and  rammed  as  before  directed.  The  cover,  d, 
IS  now  fitted,  and  firmly  luted  down  with  fire-clay,  with  which  the 
bottom  of  the  crucible  is  also  cemented  to  pieces  of  fire-brick,  so 
as  to  stand  about  four  or  five  inches  above  the  bars  of  the  grate, 
as  represented  in  fig.  101.  When  all  four  crucibles  have  been  thus 
placed  in  the  furnace,  the  damper,  o,  is  closely  shut,  and  a  shovel- 
ful of  lighted  charcoal  thrown  between  them  on  the  grate,  by 
which  the  mixture  of  charcoal  and  coke  which  is  subsequently 
added  becomes  ignited.  During  the  first  half  hour  the  damper 
remains  dosed,  and  the  firing  is  conducted  very  carefully  to  dnve 
off  the  dampness  contained  in  the  breeze,  and  to  avoid  the  splitting 
of  the  luting,  which  would  be  caused  were  the  heat  too  suddenly 
i^pKed.  At  the  expiration  of  half  an  hour,  the  damper  is  a 
little  opened,  and  the  furnace  filled  up  with  fresh  coke.    After 
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-  this  the  heat  is  gradually  increased  by  still  further  opening  the 
damper,  and  at  the  end  o1^  an  hour  it  is  entirely  withdrawn,  for  the 
purpose  of  increasing  the  temperature  to  the  highest  possible 
degree.  The  operation,  when  properly  conducted,  should  alto- 
gether require  aoout  an  hour  and  a  quarter  for  its  completion,  and 
at  the  end  of  that  time  the  damper  is  closed,  and  the  furnace 
allowed  to  cool.  As  soon  as  the  temperature  is  sufficiently  re- 
duced, the  crucibles  are  carefully  remored  from  the  hearth  by  the 
aid  of  proper  tongs,  and  placed  in  an  upright  position  until  suffi- 
ciently cold  to  admit  of  being  readily  handled.  They  are  now  to 
be  placed  oyer  a  sheet  of  brown  paper,  with  a  view  of  avoiding 
any  loss,  and  the  lid,  which  will  be  found  firmly  to  adhere  to  the 
pot,  is  removed  by  a  blow  from  a  small  hammer.  K  the  operation 
nas  completely  succeeded,  the  iron  will  be  found  in  a  small  roimded 
button,  covered  by  a  stratum  of  slag,  resembliai^  in  its  appearance 
ordinary  green  bottle  glass,  and  entirely  fi«e  Som  any  adhering 
metallic  globules.  When,  on  the  contrary,  the  heat  has  not  been 
sufficiently  great,  the  sla^  will  be  covered  with  small  metallic 
beads  firmly  imbedded  in  its  surface,  from  which  they  cannot  be 
easily  detached.  If,  as  is  sometimes  the  case,  from  want  of  a 
sufficient  temperature  to  effect  the  fusion,  or  an  improper  addition 
of  fluxes,  the  experiment  has  totally  failed,  the  ore  will  be  found 
either  in  a  partiall3r  melted  button,  or  merely  in  an  agglutinated 
mass,  in  which  the  iron,  although  more  or  less  completely  reduced 
to  the  metallic  state,  has  not  formed  into  a  distinct  body.  On  break- 
ing the  crucible,  the  button,  with  its  adhering  slag,  is  carefully 
removed  and  crushed  by  a  blow  of  the  pestle  in  a  large  iron  mortar. 
The  principal  button  may  be  now  readily  removed ;  but  as  it 
seldom  happens  that  the  slag  does  not  still  enclose  small  metallic 
globules,  it  is  necessary  to  reduce  it  to  coarse  powder,  in  order 
that  these  may  be  separated.  This  is  most  readily  effected  by 
turning  out  the  contents  of  the  mortar  on  a  sheet  of  paper,  and 
-passing  a  magnetic  bar  through  the  pulverised  slag,  in  this 
way  the  metallic  particles  are  soon  collected  at  the  pole  of  the 
magnet,  and,  on  Deing  brushed  off  with  a  stiff  feather,  are  placed 
in  the  balance  with  the  larger  button  before  separated.  The  iron 
thus  obtained  is  not  chemically  pure,  but  invariably  contains  a 
tsertain  proportion  of  carbon,  which  in  a  small  degree  adds  to 
the  weight,  and  renders  the  results  obtained  too  high.  This 
increase  of  weight  is,  however,  so  small  as  to  allow  of  being  safely 
neglected  for  ul  manufacturing  purposes,  particularly  as  tiie  per- 
centage yield  of  ore  in  cast  iron  is  generally  that  which  is  required 
to  be  ascertained. 

In  order  to  test  the  quality  of  iron  thus  obtained,  the  bntton  is 
placed  between  a  fold  of  thin  tin-plate  and  smartly  struck  on  an 
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anvil  by  a  heavy  hammer.  If  the  fracture  present  a  mottled  grey- 
ish appearance,  and  the  button  flattens  slightly  before  breaking, 
the  quality  of  the  metal  is  considered  to  be  good;  but  should 
it,  on  the  contrary,  split  on  the  first  blow  of  the  hammer,  and 
exhibit  a  white  crystalline  fracture,  the  ore  is  ju<]^ged  unfit  for  the 
production  of  the  oetter  sorts  of  iron. 

HUMID  ASSAY. 

The  quantity  of  iron  contained  in  any  mineral  soluble  in  acids 
is  also  readily  ascertained  bv  the  use  of  a  standard  solution  of  the 
permanganate  of  potash.  Li  order  to  do  this,  ten  grains  of  the 
substance  reducea  to  powder  must  be  boiled  with  strong  hydro- 
chloric acid  until  the  residual  matter  in  the  bottom  of  me  fladc 
has  become  perfectly  colourless.  The  solution,  together  with  the 
undissolved  gangue,  is  afterwards  transferred  to  an  evaporating 
basin,  where  it  is  concentrated  almost  to  dryness,  for  the  purpose 
of  driving  off  the  excess  of  acid.  Water  is  now  added,  and  the 
siliceous  matters  constituting  the  gangue  separated  by  filtration, 
and  subsequently  dried  and  weighed.  To  the  nitrate  thus  obtained 
the  standard  solution  of  permanganate  of  potash  is  carefully  added 
from  a  graduated  burette,  until  the  liquor  begins  to  acquire  a 
permanent  rose-coloured  tint,  when  the  number  of  degrees  which 
have  been  employed  are  read  off,  and  from  the  amount  used  is 
calculated  the  quantity  of  iron  present. 

This  process  depends  on  the  circumstance,  that,  on  pouring  a 
solution  of  permanganate  of  potash  into  one  of  a  protosalt  of  iron, 
the  permanganate  immediately  loses  its  colour,  and  is  decomposed 
into  a  lower  oxide,  which  combines  with  the  acid,  and  into 
oxygen,  which,  by  unity  with  the  protoxide  of  iron,  converts  it 
into  peroxide,  l^his  decomposition  continues  as  long  as  the  liquor 
contains  the  smallest  trace  of  a  protosalt  of  iron ;  but,  on  the 
whole  being  peroxidised,  the  characteristic  rose  tint  of  the  peiv 
manganate  at  once  reappears. 

In  order  to  ascertain  the  stren^h  of  the  standard  solution  em- 
ployed for  this  purpose,  six  or  eight  grains  of  iron  wire  are  dis- 
solved by  ebullition  with  a  little  hydrochloric  acid,  and  the  liquor 
afterwards  diluted  with  water  from  which  the  air  has  been  pr^ 
viously  expelled  by  boiling.  On  adding  to  this  from  the  graduated 
burette  a  sufficient  amount  of  the  solution  of  the  permanganate  of 
potash,  and  noting  the  exact  point  at  which  the  rose-cdour  tint 
makes  its  appearance,  it  is  easily  calculated  to  what  amount  of 
iron  each  degree  of  the  burette  corresponds,  and,  the  strength  of 
the  liquor  being  thus  obtained,  it  may  afterwards  be  used  as  an 
assay  solution. 
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The  BolutioD  of  permanganate  of  potash  is  best  obtained  by 
heating  a  mixture  of  2  parts  of  peroxide  of  manganese,  3  of  caustic 
potash,  and  1  of  chlorate  of  potash,  in  an  earthen  crucible  during 
two  hours.  The  pot  is  then  allowed  to  cool,  and,  after  breaking 
its  contents  into  fragments,  they  are  treated  with  three  or  four  times 
their  weight  of  water,  and  filtered  through  asbestos,  for  the  purpose 
of  separating  the  sesqidoxide  of  manganese  which  remains.  To 
this  filtrate  weak  nitric  acid  is  cautiously  added  until  it  has 
assumed  a  fine  violet  tinge,  when  it  should  be  immediately  trans- 
ferred to  a  well-stoppered  bottle,  and  is,  after  its  strength  has  been 
accurately  determined,  fit  for  immediate  use. 

The  bottles  in  which  this  test  solution  is  preserved  must  always 
be  kept  well  closed,  as  it  would  otherwise  soon  become  partiaUy 
decomposed  by  the  introduction  of  organic  particles  floating  in  the 
atmosphere. 

If  the  ore  to  be  examined  belongs  to  the  second  class,  and  is, 
consequently,  little  soluble  in  the  acids,  it  should  be  first  heated  in 
a  platinum  crucible,  with  a  small  quantity  either  of  carbonate  of 
soda  or  bisulphate  of  potash.  By  this  treatment  the  mineral  will 
be  made  to  lose  its  aggregation,  and  is  then  readily  attacked  by 
the  acids. 

Analysis  of  Iron  eres. — Many  of  the  ores  of  iron  dissolve  very 
readily  in  hydrochloric  and  nitro-hydrochloric  acids ;  but  in  cases 
where  the  solution  cannot  be  thus  directly  effected,  the  mineral 
must  be  first  fused  with  an  alkaline  carbonate,  as  above  directed. 

To  give  in  detail  the  different  processes  employed  for  the  analysis 
of  all  the  various  ores  of  iron,  would  occupy  much  more  space 
than  can  be  here  afforded  them,  and  for  this  reason  one  of  the 
more  complicated  will  suffice  as  an  illustration. 

Clay  iron  stone  is  frequently  found  to  contain  at  the  same  time 
all  the  different  ingredients  occurrinff  in  the  various  ores  of  iron 
used  for  manufacturing  purposes,  and  on  this  account  that  mine- 
ral may  be  selected  as  an  example.  This  ore  ordinarily  contains 
oxide  of  iron,  oxide  of  manganese,  lime,  masnesia,  carbonic  acid, 
Bilica,  and  alumina,  together  with  traces  of  sulphur  and  phos- 
phorus. The  substance  should  first  be  finely  pulverised  in  an  iron 
mortar,  and  afterwards  sifted  through  fine  wire-gauze.  About 
thirty  grains  of  this  powder  may  now  be  intimately  mixed  with  six 
times  its  weight  of  carbonate  of  potash  or  soda,  or,  which  is  better 
than  either,  a  mixture  of  the  two.  This  is  to  be  kept  for  an  hour 
at  a  full  red  heat  in  a  platinum  crucible,  and,  after  being  allowed 
to  cool,  is  heated  in  a  large  evaporating  basin  containing  a  weak 
solution  of  hydrochloric  acid.  By  this  means  the  contents  of  the 
crucible  ^ill,  with  the  exception  of  a  small  quantity  of  flocculent 
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silica,  be  readily  dissolved  with  the  evolution  of  carbonic  acid  gas. 
Should  the  basin  not  contain  the  amount  of  acid  necessary  to 
effect  complete  solution,  more  is  added  until  no  further  effer- 
vescence takes  place  on  the  addition  of  a  fresh  quantity.  The 
crucible  is  now  withdrawn  from  the  solution  by  the  aid  of  a 
fflass  stirring-rod,  care  being  taken  to  wash  from  it  into  the  basin 
the  liquor  which  hangs  about  it,  as  well  as  any  portions  of  the 
flocculent  silica  which  may  remain  attached.  The  contents  of  the 
basin  are  then  evaporated  to  dryness  in  a  sand-bath,  for  the  pur- 
pose of  rendering  the  sQicic  acid  insoluble ;  but  towards  the  end  of 
the  operation  great  care  is  required,  in  order  to  prevent  loss  by 
spirting,  which  can  only  be  avoided  by  a  judicious  regulation  of 
the  heat  and  constant  stirring  of  the  pasty  mass.  When  the 
evaporation  is  complete,  the  basin  should  oe  so  far  allowed  to  cool 
as  to  prevent  its  breaking  on  the  addition  of  a  cold  liquid,  and  the 
residue  then  moistened  with  strong  hydrochloric  acid,  and  the 
whole  allowed  to  remain  for  about  one  hour,  so  as  to  afford 
sufficient  time  for  its  action  on  the  bases  present.  At  the  expira- 
tion of  this  period  some  distilled  water  is  added,  and  the  solution 
of  the  soluble  salts  aided  by  ebullition. 

When  all  the  soluble  portions  have  been  dissolved,  the  silica 
is  separated  by  filtration,  and,  after  being  well  washed  in  the 
filter  and  dried  in  the  water-bath,  is  calcined  and  weighed  as 
silicic  acid.  The  filtrate  to  which  is  added  the  water  by  which 
the  silica  was  washed  is  now  neutralised  with  ammonia,  and  then 
treated  with  a  slight  excess  of  sulphide  of  ammonium.  This  re- 
agent precipitates  the  iron  and  manganese  in  the  form  of  sulphurets, 
which  are,  together  with  the  deposited  alumina,  to  be  thrown  on  a 
filter,  and,  to  prevent  the  formation  of  soluble  sulphates,  washed 
with  water  containing  a  little  sulphide  of  ammonium.  The  filtrate 
from  these  sulphurets  is  afterwards  acidified  by  nitric  acid,  boiled 
to  expel  any  sulphuretted  hydrogen  which  it  may  contain,  and 
then  filtered,  for  the  purpose  of  separating  the  sulphur  which  has 
become  deposited. 

To  the  clear  liquor  is  now  added  ammonia  and  oxalate  of  ammonia 
in  slight  excess,  and  the  whole  boiled  until  the  oxalate  of  lime 
formed  has  collected  in  a  dense  body  on  the  bottom  of  the  beaker 
in  which  the  precipitation  has  been  effected.  The  oxalate  thus 
obtained  is  afterwards  collected  on  a  filter,  and  then  calcined  and 
weighed  as  carbonate  of  lime,  into  which  this  salt  is  readily  decom«. 
posed  by  heat.  The  magnesia,  if  any  be  present,  is  obtained  from 
the  liquor  filtered  from  the  precipitate  of  oxalate  of  lime  by  the 
addition  of  phosphate  of  soda,  which  throws  it  down  in  the  state 
of  ammonio-magnesian  phosphate.   This,  after  being  washed,  dried. 
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and  converted  bj  ignition  into  pyrophosphate  of  magnesia,  is 
finallj  weighed,  every  100  parts  found  corresponding  to  36*63  of 


To  separate  the  alumina,  peroxide  of  iron,  and  oxide  of  manganese^ 
the  mixed  sulphurets  must  be  dissolved  in  a  little  hydrochloric 
acid  to  which  a  few  drops  of  nitric  acid  have  been  added,  and  the 
particles  of  sulphur  which  remain  unoxidised  separated  by  filtra- 
tion. The  filtrate  is  then  evaporated  nearlv  to  dryness,  to  expel 
the  free  acid  present,  and  subsequently  boiled  with  an  excess  of 
potash,  by  which  the  oxides  of  iron  and  manganese  are  jmrecipitated, 
whilst  the  alumina  is  redissolved  in  the  potash.  The  alkaline 
liquor  is  now  neutndised  with  hydrochloric  acid,  and  the  alumina 
precipitated  either  by  ammonia  or  its  carbonate,  and  washed,  dried, 
and  weighed. 

13ie  iron  and  manganese  may  now  be  separated,  according  to  the 
methods  described,  page  211 ;  the  former,  being  weighed  as  per* 
oxide,  yielding  70  per  cent,  of  metallic  uron ;  and  the  latter  as  red 
oxide  of  manganese,  of  which  eveiy  100  parts  are  equivalent  to 
72*09  of  that  metal.  The  carbonic  acid  present  is  best  estimated 
by  the  method  of  Fresenius  and  "Will. 

A  knowledge  of  the  quantities  of  sulphur  and  phosphorus  con<> 
tained  in  an  ore  of  iron  is  of  the  greatest  importance  as  affecting 
the  quality  of  the  metal  produced ;  and  it  is  therefore  necessary  to 
estimate  these  substances  with  considerable  accuracy. 

The  sulphur  may  be  readily  determined  by  either  of  the  methods 
detailed,  page  ISd,  with  reference  to  this  body  when  present  in 
fuels  ;  but  the  most  accurate  results  will  be  obtained  by  the  first 
of  the  processes  there  described :  for  this  determination,  a  separate 
quantity  of  the  pulverised  ore  must  be  necessarily  employed. 

The  per-centage  of  phosphorus  may  be  determined  with  a  greater 
or  less  degree  of  accuracy  by  various  methods,  but  the  two  follow- 
ing will  be  sufficient  for  all  the  purposes  of  the  metallurgist : — 

1st.  If  the  mineral  be  soluble  in  acids,  about  thirty  grains 
may  be  at  once  attacked  bv  hydrochloric  add  containing  a  little 
nitric  acid ;  or,  if  it  be  insoluble  in  these  reagents,  it  should  be 
first  fused  with  an  alkaline  carbonate.  The  acia  solution  obtained 
either  by  directly  attacking  the  ore  or  by  first  fusing  it  with  an 
alkaline  carbonate,  and  subsequently  adding  acid,  is  evaporated  to 
dryness,  and  the  silica  separated  by  filtration.  The  filtrate,  which 
should  not  contain  much  free  acid,  is  treated  with  ammonia  in 
excess.  The  brown  precipitate  which  forms  is  then  to  be  collected 
on  a  filter,  and,  after  being  washed,  is  dissolved  whilst  stiQ  on  the 
filter  by  a  little  dilute  hydrochloric  acid  which  has  been  previously 
heated  in  a  flask.  The  liquor  which  passes  through  the  filter  is 
now  poured  into  a  stoppered  bottle,  and  again  treated  with  ammonia 
until  a  precipitate  begins  to  form,  when  an  excess  of  sulphide  of 
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ammonium  is  introduced,  and  the  bottle,  after  being  securelj 
closed,  is  placed  in  a  tolerably  warm  situation,  where  it  is  allowed 
to  remain  during  twenty-four  hours,  at  the  expiration  of  which 
time  the  precipitated  sulphurets  are  to  be  separated  by  filtration. 
The  phosphorus  originally  present  in  the  mineral  will  now,  in  the 
form  of  pnosphoric  acid,  \)e  contained  in  the  filtrate,  and  may  be 
obtained  and  weighed  as  an  insoluble  phosphate.  In  order  to  do 
this,  the  liquor  mtered  from  the  sulphurets  is  rendered  slightly 
acid^  and  boiled  to  expel  the  hydrosulphuric  acid  generated.  The 
clear  liquor  is  now  rendered  alkaline  by  ammonia,  and  the  phos- 
phoric acid  precipitated  as  ammonio-magnesian  phosphate  by  the 
addition  of  sulphate  of  magnesia.  Every  100  parts  of  calcined 
pyrophosphate  of  magnesia  thus  obtained  represents  27*66  of 
phosphorus. 

2a.  By  the  second  method,  the  amount  of  phosphoric  acid  is 
determined  as  followsM-^The  compound  under  examination  is 
dissolved  in  hydrochloric  acid  containing  a  little  nitric  acid,  which 
should  not  be  used  in  too  great  quantity,  and  an  excess  of  acetate 
of  soda  is  added  to  the  solution,  by  which  it  vnll  be  made  to 
aequire  a  deep  red  colour.  On  boiling,  a  reddish-brown  precipi- 
tate is  deposited,  and  a  clear  solution  remains.  Should  tne 
supernatant  liquor  still  continue  coloured,  it  is  a  proof  either  that 
sufficient  acetate  of  soda  is  not  present,  or  that  there  is  an  excess 
of  iron,  and  a  further  quantity  of  soda  is  necessary.  The  whole 
is  now  again  boiled,  and,  if  the  liquor  has  become  clear,  the 
brown  precipitate  is  thrown  on  a  filter  and  well  washed  with 
hot  water.  To  obtain  the  phosphoric  acid  which  it  contains,  the 
precipitate,  while  still  moist,  is  dissolved  in  hydrochloric  acid, 
tartaric  acid  is  added,  and  subsequently  ammonia,  until  the 
liquid  smells  distinctly  of  that  alkali :  the  solution  is  clear,  and 
esuiibits  a  yellow  colour.  A  mixture  of  sulphate  of  magnesia, 
sal-ammoniac,  and  ammonia,  is  now  added  to  the  solution  as  long 
as  a  precipitate  continues  to  be  formed.  This  is  collected 
on  a  filter,  washed  with  water  containing  a  little  ammonia,  and, 
after  calcination,  is  w^eighed  as  pyrophosphate  of  magnesia,  as 
above  directed.  Tho  saf-ammoniac  added  is  for  the  purpose  of 
preventing  the  precipitation  of  magnesia  by  ammonia,  and  care 
should  be  taken  that  the  liquor  irom  which  the  precipitate  is 
obtained  be  distinctly  alkaline. 

HETALLUBOY  OF  IBON. 

Iron  is  employed  in  three  different  states  —  as  crude  or 
rant  iron,  as  8 feel,  and  as  wrought  iron.  The  difference  existing 
between  these  three  substances  essentially  depends  on  the  relative 
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amounts  of  combined  carbon  with  which  the  metal  is  associated. 
Cast  iron  contains  a  larger  proportion  than  steel,  and  steel  more 
than  wrought  or  malleable  iron,  which  ought  to  consist  of  pure 
metal  without  the  slightest  trace  of  carbon.  In  practice,  this 
state  of  perfection  is  never  obtained;  but  the  more  esteemed 
Tarieties  are  only  found  to  retain  extremely  minute  portions  of 
carbon. 

The  minerals  from  which  iron  is  obtained  are,  on  account  of 
their  comparatively  small  value,  never  subjected  to  complicated 
mechanical  treatment.  Pea  iron  ore  is  usually  agglutinated  by  a 
kind  of  clay  containing  but  little  iron.  This  is  readily  separated 
by  agitating  the  mixture  in  a  current  of  water,  by  which  means 
the  day  is  carried  off  in  suspension,  whilst  the  iron  ore,  from  its 
greater  density,  remains  behmd. 

Many  kinds  of  ore  require  to  be  roasted  before  they  are  treated 
fop  the  metal  which  they  contain :  by  this  means  the  water  and 
carbonic  acid  present  are  expelled,  and  the  ore  reduced  to  a  porous 
state  extremely  favourable  to  the  process  of  smelting  which  it 
subsequently  undergoes.  The  chief  ore  smelted  in  England  is,  as 
before  stated,  the  argillaceous  carbonate  or  clay  ironstone  of  the 
coal  measures,  although  a  small  quantity  of  red  hematite  is  used 
as  an  auxiliary  in  some  of  the  works  m  Cumberlaud  and  Lan- 
cashire ;  but  in  no  instance  is  iron  pyrites,  or  the  pea  iron  ore  of 
the  secondary  strata,  at  present  employed  as  a  source  of  the  metal. 
The  mean  richness  of  the  ores  of  carbonate  of  iron  in  the  South 
Wales  coal  basin  is  estimated  at  38  per  cent,  of  cast  iron,  whilst 
those  occurring  in  the  Staffordshire  district  usually  produce  only 
about  30  parts  of  crude  metal  for  every  100  parts  ol  ore  employea. 
Every  ^rruginous  clay-stone  is  an  iron  ore  when  it  contains 
more  than  20  per  cent,  of  metal,  and  the  average  loss  of  water  and 
carbonic  acid  by  roasting  generally  amounts  to  from  2&  to  30 
parts  in  every  100  of  ore  calcined. 

To  effect  the  calcination  of  the  ore,  it  is  piled  in  long  heaps 
over  a  stratum  formed  of  large  lumps  of  coal.  The  fire  is  now 
applied  at  the  windward  end,  and,  after  it  has  burned  a  certain 
distance,  the  heap  is  prolonged  with  the  same  materials  in  the 
opposite  direction.  The  ordinary  height  of  the  heap  varies  from 
about  6  to  7  feet,  while  its  breadth  at  the  bottom  is  about  15 
or  20  feet.  When  the  ore  contains,  as  is  frequently  the  case,  a 
large  amount  of  bitumen,  it  will,  when  once  ignited,  readily  bum 
without  any  admixture  of  other  fuel ;  but  when  it  does  not  natu- 
rally contain  a  sufficient  quantity  of  combustible  matter,  its  place 
should  be  supplied  by  a  sparing  mixture  of  coal-dust.  The  roast- 
ing of  iron  ore  is  likewise  frequently  conducted  in  furnaces  resem- 
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biing  ordinary  lime-kilns,  and  in  which  its  calcination  is  effected 
bj  the  same  means. 

The  proportion  of  fuel  employed  for  roasting  clay  iron  neces- 
sarily varies  according  to  its  richness  in  bituminous  matter,  but  it 
is  seldom  found  to  calcine  with  less  than  6  per  cent.,  or  require 
more  than  20  per  cent,  of  coal  for  this  purpose. 

Among  the  numerous  coal  basins  existing  in  this  country, 
there  are  two  in  particular  which  furnish  more  than  two-thirds 
of  the  fuel  annually  produced  in  the  kingdom :  namely,  that  of 
Dudley  in  the  south  of  Staffordshire,  and  that  of  Monmouthshire 
in  South  Wales,  together  with  the  coal-fields  of  Gloucestershire 
and  Somersetshire.  At  Dudley,  the  coal,  the  iron  ore,  the  lime- 
stone for  flux,  and  the  refractory  clay  employed  in  the  construction 
of  furnaces,  are  all  associated  in  the  same  locality.  The  best  fire- 
clay is  found  at  Stourbridge,  and  is  exported  thence  to  every 
part  of  the  kingdom  for  the  manufacture  of  refractory  crucibles 
used  in  making  cast-steel,  and  for  glass-house  melting-pots. 

We  have  before  seen  (p.  192)  that  the  oxide  of  iron  is  easily 
reduced  at  a  red  heat  in  an  atmosphere  of  hydrogen  gas.  This 
reduction  is  eoually  well  effected,  under  similar  circumstances, 
by  a  current  oi  carbonic  oxide ;  and  it  is  therefore  evident  that 
tne  reduction  of  the  natural  oxides  constituting  the  ores  of  iron  ia 
attended  with  but  little  difficulty.  The  reduced  iron  is,  however, 
in  this  case  intimately  mixed  with  the  refractory  gangue,  which 
prevents  its  particles  from  uniting  and  forming  one  solid  mass.  If 
the  gangue  were  readily  melted,  it  would  be  sufficient  to  heat  the 
mixture  to  the  temperature  at  which  it  enters  into  fusion,  when 
the  metallic  sponge  might  be  compressed  by  hammering,  and  the 
impurities  with  which  it  is  associated  could  be  squees^d  out  in 
the  form  of  a  vitreous  slag.  If,  on  the  contrary,  the  gangue  be 
very  refractory,  it  can  only  be  frised  at  such  a  temperature  as 
causes  the  metallic  iron  produced  to  combine  with  a  portion 
of  the  carbon  used  as  friel,  and  in  this  case  the  product  will  be 
cast  iron,  instead  of  the  malleable  metal  which  would  be  otherwise 
obtained. 

The  gangue  contained  in  the  ores  of  iron  usually  consists  either 
of  quartz  or  clay,  which  are  both  almost  completely  infrisible  at 
the  highest  temperature  of  our  blast  furnaces.  In  order,  then,  to 
obtain  the  metal  which  they  contain,  it  is  evident  that  some  means 
must  be  resorted  to  for  fluxing  or  rendering  fusible  these  re- 
fractory substances.  This  may  be  effected  in  two  different  ways, 
varying  according  to  the  nature  of  the  product  it  is  desired  to 
produce. 

Should  a  very  rich  iron  ore  be  operated  on,  audit  be  required  to 
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obtain  directly  a  portion  of  malleable  metal  without  respect  to  the 
actual  quantity  contained  in  the  mineral,  it  will  be  only  necessary 
to  heat  the  mineral  chosen  in  contact  with  charcoal  or  other  sub- 
stances containing  carbon.  By  this  means  one  portion  of  the 
oxide  will  be  reduced  to  the  metallic  state  by  tne  deoxidising 
influence  of  the  fuel,  whilst  the  other  part  will  combine  with 
the  siliceous  impurities,  and  form  an  extremely  fusible  double 
silicate  of  alumina  and  protoxide  of  iron.  It  therefore  follows  that 
there  is  no  necessity  for  a  very  elevated  temperature,  and,  conse- 
quently, the  carbon  will  not  unite  with  the  reduced  metd,  and 
give  rise  to  the  production  of  cast  iron.  If  the  fused  mass  be  now 
beaten  with  a  hammer,  or  is  compressed  by  being  passed  through 
a  series  of  rollers,  the  fusible  slag  will  be  expressed,  whilst  the 
metallic  sponge,  by  being  subjected  to  strong  pressure  at  a  high 
temperature,  becomes  consohdated  by  welding,  and  forms  a  com- 
pact mass.  The  amount  of  oxide  of  iron  which  by  this  method 
passes  into  the  scoria  is  entirely  dependent  on  the  quantity  of 
gangue  contained  in  the  ore,  and  it  follows  that  the  richer  varieties 
only  could  be  made  directly  to  afford  malleable  iron  by  such  treat- 
ment. 

If,  on  the  contrary,  the  object  be  the  extraction  of  the  largest 
possible  amount  of  metal,  without  regard  to  the  temperature 
employed,  it  will  be  found  necessary  to  add  to  the  ore  some  base 
capable  of  replacing  the  oxide  of  iron,  which  in  the  former 
instance  united  with  the  silica  and  alumina  present  to  form  a 
fusible  slag.  The  only  substance  sufficiently  cheap  to  admit 
of  being  employed  for  this  purpose,  is  lime,  which  is  readily 
obtained  by  the  decomposition  of^  its  carbonate  by  heat.  When 
lime  is  thus  added,  the  resulting  slag  consists  of  a  double  silicate 
of  alumina  and  lime,  which  is  much  less  fusible  than  that  of 
^alumina  and  protoxide  of  iron.  It  therefore  follows,  that,  to 
obtain  the  metal  which  the  ore  contains,  it  must  be  subjected  to  a 
higher  temperature  than  would  be  necessary  if  a  large  portion 
of  the  oxide  were  allowed  to  remain  in  the  slags;  and  consequently 
the  iron  produced  combines  with  a  certain  amount  of  the  carbon 
present  in  the  fiimace,  and  is  converted  into  crude  or  cast  iron. 

The  manufacture  of  iron  by  the  former  method  necessitates 
the  employment  of  very  rich  ores,  and  from  the  nature  of  the 
rejected  slags,  the  per-centage  of  metal  obtained  is  far  less  than 
the  ores  are  capable  of  yielding.  The  direct  process  nevertheless 
affords  iron  of  very  excellent  quality,  and  although  every  day 
becoming  less  extensively  employed,  it  is  still  foUowed  in  the 
Pyrenees,  and  in  some  other  districts,  which  furnish  at  the  same 
time  ore  of  great  purity,  and  wood  for  the  preparation  of  charcoal 
at  a  low  price.    This  method  of  working  yields  a  very  superior 
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metal  for  the  manufacture  of  steel,  and  will  shortly  be  described 
as  the  Catalan  process. 

ENGLISH  PEOCESS  OF  lEOK-SMELTING. 

The  Blast  Pumace. — The  great  bulk  of  iron  manufactured  is  at 
present  obtained  by  what  is  called  the  English  process;  the 
largest  possible  portion  of  metal  being  extracted  by  treating  a 
due  admixture  of  iron  ore  and  carbonate  of  lime,  at  a  very  elevated 
temperature,  in  an  apparatus  called  a  bltut  furnace.  This  is  formed 
of  two  truncated  cones,  a,  b,  united^by  their  bases,  (fig.  108).    The 


108. 


upper  portion,  a,  called  the  cone  or  body,  is  formed  by  an  interior 
lining  of  fire  bncks,  i  t,  which  is  again  euyeloped  in  a  casing,  //, 
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made  up  of  broken  scoriae,  or  refractory  sand,  and  wldch  sepa- 
rates the  internal  lining  or  shirt  of  the  fiimace  from  the  external 
eoatin^  of  fire  bricks,  m  tn\  supported  by  a  mass  of  masonry,  n  n\ 
composed  either  of  stone  or  common  stock-bricks.  The  opening, 
c,  at  the  top  of  the  furnace,  is  called  the  throat  or  tunnel-hole^  and 
is  surmounted  by  a  chimney,  n,  in  which  there  are  one  or  more 
openings,  for  the  convenience  of  charging  the  fuel,  ore,  and  flux, 
with  which  the  apparatus  is  at  regul^  intervals  supplied.  The 
lower  cone,  b,  is  Known  by  the  name  of  the  boshes^  and  is  either 
constructed  of  fire-brick,  or  of  a  very  refiractory  material  called 
fire-stone,  chiefly  obtained  from  the  coal  formations. 

Aj9  this  part  of  the  arrangement  is  subjected  to  a  very  high 
temperature,  it  is  of  the  utmost  importance  that  the  material  of 
which  it  is  composed  should  be  carefully  selected,  for  on  the 
durability  of  the  boshes  mainly  depends  the  length  of  time  diirine 
which  the  action  of  the  furnace  may  be  uninterruptedly  carried 
on.  To  prevent  the  occurrence  of  a  sharp  angle,  the  two 
cones  forming  the  body  and  boshes  are  usually  united  either  by  a 
curve  or  narrow  cylin<mcal  belt,  bv  which  the  edges  are  slightly 
rounded  off,  and  a  space  formed  x^alled  the  belly. 

The  lowest  division  of  the  furnace,  e,  is  quadrangular  in  form, 
and  composed  of  large  slabs  of  refractory  sandstone,  cemented 
together  with  fire-clay.  This  is  somewhat  smaller  at  bottom  than 
at  the  point  s,  where  it  meets  the  boshes,  and  its  angles  are 
gradualfy  rounded  off;  but  this  difference  of  size  at  the  two 
extremities  is  in  many  instances  so  small,  as  almost  to  give  to  the 
hearthy  as  this  part  is  named,  the  form  of  a  quadrangular  prism. 

The  bottom  of  the  furnace  is  composed  of  a  large  fire-stone, 
supported  on  a  mass  of  masonry,  in  which  numerous  channels  h, 
are  left  open  for  the  escape  of  any  moisture  which  may  be  expelled 
from  the  orick-work ;  whilst,  to  keep  the  whole  buildmg  penectly 
dry,  the  foundations  are  traversed  bv  two  large  arched  galleries. 
Gt  e,  which  intersect  each  other  at  right  angles  beneath  the  axis 
of  the  internal  cavity  of  the  furnace. 

Three  only  of  the  sides  of  the  hearth  are  continued  to  the 
stone  constituting  the  bottom  of  the  arrangement.  The  fourth,  r, 
is  merely  brought  to  within  a  certain  distuice  of  the  base,  where 
it  is  supported  by  strong  bearers  of  cast  iron,  firmly  fixed  into 
the  masonry  of  the  waUs,  and  on  which  rests  a  heavy  block  of 
sandstone  ccdled  the  tymp. 

At  a  distance  of  five  or  six  inches  beneath  the  tymp,  and  a  little 
in  advance  of  it,  is  placed  the  davustone,  d^  which  has  a  prismatic 
form,  and  is  securely  fixed  by  a  strong  piece  of  cast-iron  of 
peculiar  shape,  which  eovers  its  outer  side,  and  is  known  by  the 
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name  of  the  dam^late.  The  part  of  the  furnace  beneath  the 
tymp  is  called  the  crucible^  and  in  it  is  collected  the  fused  metal, 
until  a  sufficient  quantity  for  tapping  has  been  accumulated. 

The  face  of  the  hearth  which  is  opposite  the  dam,  as  well 
as  the  other  two  sides,  are  perforated  a  little  above  the  level 
of  the  tymp  with  holes,  ^,  into  which  the  tuyeres  are  fitted,  by 
which  the  blast  from  the  blowing  machine  is  conducted  into  the 
furnace." 

In  order  that  the  workmen  may  be  enabled  to  pass  fi^m  one 
tuyere  to  another  without  loss  oi  time,  it  is  usual  to  construct 
four  vaulted  galleries,  b,  connecting  the  various  arches  by  means 
of  which  the  tuyeres  and  sides  of  the  crucible  are  approached. 

The  arrangement  of  the  tuyeres  and  pipes  conducting  the  air 
fi^m  the  blowing  machine  is  shown  in  fig.  109,  which  represents  a 
horizontal  section  of  the  furnace  at  the  height  of  the  tuyeres. 

Each  of  the  pipes,  p^  com- 
municating with  the  dif- 
ferent tuyeres,  ty  t,  t,  is 
furnished  either  with  a 
throttle  valve  or  slide, 
worked  by  a  screw;  by 
the  aid  of  which  the 
quantity  of  air  passing 
through  them  into  the 
hearth  is  easily  regulated, 
or,  if  necessary,  entirely 
cut  ofi*.  In  practice  it  is 
usual  to  build  two  or 
more  of  these  blast  fur- 
naces side  by  side,  and 
when  the  situation  per- 
mits, it  is  found  advan- 
tageous to  place  them  at 
the  bottom  of  a  decUvity, 
in  such  away  as  to  be 
enabled  to  connect  their 
summits  with  the  adjoin- 
ing high  ground  by  means  of  a  bridge.  By  this  arrangement  it 
bc^mes  easy  to  supply  the  furnaces  with  the  necessary  ore  and 
fuel ;  but  if  this  method,  from  the  nature  of  the  country,  cannot 
be  adopted,  it  is  either  raised  by  an  inclined  pkne  and  waggons 
workea  by  the  engine  of  the  blowing  machine,  or  by  a  moveable 
platform  raised  by  compressed  air  or  hydraulic  pressure.  The 
tops  of  the  furnaces  are  generally  enlarged  by  a  platform,  which, 
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to  prevent  accidents,  is  railed  round,  and  when  the  moveable 
stage  is  employed,  the  ore  and  other  matters  are  raised  in  iron 
waggons,  which  can  be  readily  transferred  to  a  continuation  of 
railway  Lud  on  the  platform  of  the  furnace,  and  which  conducts 
them  directly  to  the  throat,  where  they  are  shot  by  tilting  the 
waggons. 

Li  order  that  the  moisture  may  readily  escape,  and  the  brick- 
work be  prevented  from  splitting,  through  the  pressure  of  confined 
watery  vapour,  the  whole  of  the  masonry  constituting  the  exterior 
casing  of  the  apparatus  is  traversed  by  numerous  small  channels, 
hj  wnich  the  drying  of  the  mass  is  greatly  facilitated.  The  work 
is  also  strongly  bound  together  on  the  outside  by  stout  iron 
bands,  which  are  made  to  bind  tightly  either  by  keys  or  screws  and 
nuts.  These  horizontal  bands  are  also  bound  together  by  long 
vertical  bars,  to  which  they  are  attached  by  loop-eyes  or  strong 
serew-boUs,  and  bv  this  means  great  strength  and  solidity  are 
communicated  to  the  building. 

The  dimensions  of  these  fmnaces  differ  very  much  according  to 
the  nature  of  the  product  which  is  sought  to  be  produced,  and  the 
richness  of  the  ores  operated  on.  The  height  is  extremely  variable, 
some  being  only  36  feet  high,  including  the  chimney;  whilst 
others  reach  an  elevation  of  60,  and  even  70  feet,  from  the 
ground. 

The  most  common  height  is,  however,  from  45  to  50  feet,  to 
which  must  be  added  that  of  the  chimney,,  which  is  from  8  to  10 
feet  in  length,  and  frequently  formed  of  but  one  course  of  bricks, 
strongly  bound  together  by  stout  iron  rings  and  girders.  In 
some  instances  these  chimneys  are  so  firmly  ironed  that  their 
surfiice  is  half  covered  with  metal ;  two  doorways  are  usually  left 
on  the  opposite  sides  of  the  base,  for  the  introduction  of  the  ore 
and  fuel.  The  throat  is  protected  and  held  together  by  a  large 
annular  plate  of  cast  iron,  and  on  this  the  foundations  of  the 
chimney  repose. 

A  furnace  of  50  feet  in  height  produces  on  an  average  about 
60  tons  of  cast  iron  per  week,  and  may  have  very  nearly  the  follow- 
ing dimensions : — 

Height  of  the  crucible  and  hearth    .    .    6  feet. 

„  boshes 3     9» 

„  body  or  cone      ....  36    „ 

„  chimney 12  feet  6  inches. 

Width  of  the  throat 3    „    8     „ 

„  boshes 3    „    6    „ 

„  top  of  hearth     ....    3    „ 

„  bottom  of  do 2    „    8    ,, 
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The  inclination  of  the  boshes  will  depend  on  the  nature  of  the 
cast  iron  which  it  is  desired  to  produce,  as  its  quality  appears  to 

be  much  influenced    by  the   slope 
given  to  this  part  of  the  furnace. 

Where  very  dark  iron  for  the  pur- 
poses of  casting  is  manufactured, 
they  are  commonly  less  sloped  than 
when  grey  iron  for  subsequent  con- 
version into  bars  is  required.  The 
limit  of  this  difference  is  generally 
about  6°,  the  usual  angle  formed  by 
the  sides  of  the  boshes  with  the  per- 
pendicidar  being  from  55°  to  60**. 

The  erection  of  a  pair  of  blast 
furnaces  of  40  feet  in  height  requires 
320,000  common  bricks  for  the  out- 
side masonry,  and  80,000  fire-bricks 
for  the  refractory  lining  on  the 
inside. 

In  the  neighbourhood  of  Glasgow, 
where  the  hot  blast  is  used,  the  body 
of  the  furnace  is  usually  made  of  a 
cylindrical  form,  as  represented  in 
figure  110. 

In  South  Wales,  and  particularly 
in  the  neighbourhood  of  Pontypool, 
the  furnaces  are  of  a  much  less 
massive  construction,  as  the  upper  and  lighter  portions  of  the  work 
are  composed  of  a  single  thickness  of  bricks  only.  These  are  20 
inches  in  length,  and  made  to  suit  the  various  curves  of  the 
fiimace.  The  whole  apparatus  is  strongly  bound  toe;ether  by  a 
proper  arrangement  of  iron  stays,  and  is  found  to  be  quite  as 
durable  as  those  built  with  an  external  coating  of  heavy  masonry. 

The  tuyeres  built  into  the  hearth  of  a  blast-furnace  are  conical 
tubes  of  cast  iron,  a,  b,  c,  d,  fig.  111.     To  prevent  these  from  being 

melted  by  the  intense  heat  to 
_^_jf  ^11      ^^.     which  they  are   subjected,  an 
3_.,a^^tfSHlir^JLi^^^^    annular  space  is  preserved  in 

the  metal  composing  the  sides 
of  the  cone.  Through  this 
opening  a  current  of  cold  water 
is  constantly  made  to  circulate, 
by  means  of  two  tubes,  ^,  ^, 
one  of  which,  t,  supplies  the 
cold  water,  whilst  the  other,  t,  carries  off  that  which  bias  become 
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heatecL  In  these  are  placed  the  nozzles,  k,  made  either  of  thin 
copper  or  sheet  iron,  and  being  connected  by  leathern  hose,  or 
otherwise,  with  the  pipes  leading  from  the  blowing  machine, 
which  supplies  air  to  the  furnace,  they  admit  of  bemg  readily 
moTed  for  the  proper  adjustment  of  the  blast.  The  three  tuyeres 
situated  in  the  different  sides  of  the  hearth,  although  placed  at 
the  same  height  from  the  bottom,  are  not  set  exactly  at  right 
angles  to  the  faces  of  the  crucible,  but  are  slightly  inclined  in 
opposite  directions,  to  prevent  the  different  currents  of  air  from 
coming  in  contact  with  each  other. 

Bl^wlns  Machine. — The  blowing  machine  ordinarily  employed, 
fig.  112,  consists  of  a  large 
cast  iron  cylinder,  a,  ac- 
curately turned  on  the 
inside,  and  provided  with 
a  piston,  p,  made  air-tight 
by  a  metallic  spring,  or  a 
packing  of  tressed  hemp. 
The  cylinder,  a,  is  closed 
at  botn  extremities  by  iron 
ends,  and  on  the  cover  is 
the  stuffing-box,  s,  through 
which  passes  the  rod,  b, 
connected  with  thepiston. 
The  cover  of  the  cylinder 
is  provided  ^ith  two  late- 
ral openings,  V  i/,  one  of 
which,  V,  communicates 
with  the  outer  air,  and  is 
furnished  with  a  valve 
openingtowardstheinside. 
The  other,  on  the  contrary,  v\  opens  outwards,  and  communicates 
with  a  lateral  chamber,  b,  also  made  of  cast  iron.  The  lower  end 
of  the  cylinder  is  provided  with  similar  valves  and  apertures :  that 
marked  v,  which  establishes  a  communication  between  the  external 
air  and  the  space  beneath  the  piston,  is  furnished  with  a  valve 
opening  inwards,  whilst  the  other,  opening  into  the  lateral 
cnamber,  is  closed  by  a  valve,  v',  shuttmg  in  an  opposite  direc- 
tion. 

The  better  to  understand  the  action  of  this  apparatus,  let  us 
suppose  that  the  piston  has  been  raised  to  its  full  height  in  the 
cylinder,  and  has  begun  to  be  again  forced  down.  If  the  valves 
V  v*,  are  closed,  the  air  contained  in  the  upper  part  of  the  vessel 
will  gradually  become  more  and  more^rarihed,  and  the  difference 
of  density  between  the  air  in  this  part  of  the  cylinder,  and  that  of 
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the  external  atmosphere,  will  cause  the  valve  t^  to  apply  itself 
firmly  against  the  metallic  surface  before  which  it  is  hung. 

The  valve  r,  on  the  contrary,  which  opens  inwards,  will  be 
lifted  as  soon  as  the  difference  between  the  density  of  the  inclosed 
air,  and  that  of  the  atmosphere,  is  sufficiently  great  to  overcome 
the  resistance  caused  by  its  mechanical  adjustments ;  and  in  pro- 
portion aa  the  piston  descends,  the  space  behind  it  will  be  occupied 
by  a  supply  of  atmospheric  air  arriving  from  without. 

The  motion  which  causes  the  air  above  the  piston  to  dilate,  will 
evidently  at  the  same  time  compress  that  which  is  beneath,  in 
proportion  as  it  approaches  the  bottom  of  the  cylinder,  vid  causes 
the  valve  %  opening  inwards,  to  dose  firmly  against  the  polished 
metal  surface  to  which  it  is  attached;  whibt  that  marked  ff^ 
hung  in  a  contrary  direction,  will  open  and  allow  the  air  to  pass 
into  the  chamber  b,  from  whence  it  escapes,  through  the  aperture 
0,'to  the  pipes  connected  with  the  different  tuyeres  of  the  fur- 
nace. In  this  way  the  upper  portion  of  the  cylinder  draws  the 
air  from  without  during  the  descent  of  the  piston,  and  forces 
that  which  is  beneath  it  through  the  chamber  into  the  pipes  with 
which  it  is  connected.  When  the  piston  is  raised,  the  reverse  of 
this  takes  place :  the  lower  portion  receives  air  from  without,  whilst 
the  upper  discharges  that  which  it  contains  through  the  various 
pipes  leading  to  the  tuyeres.  The  machine  is  by  tms  means  made 
to  throw  into  the  surface  a  nearly  continuous  flow  of  air,  the  only 
time  at  which  the  current  is  interrupted  being  that  at  which  the 
piston  has  reached  the  full  extent  of  its  stroke,  and  before  it  has 
begun  to  move  in  a  contrary  direction. 

As,  however,  it  is  of  considerable  importance  that  the  regularity 
of  the  blast  should  not  be  impaired,  the  pipe  leading  from  the 
chamber  b  is  made  to  communicate  with  a  large  closed  reservoir 
of  wrought  iron,  where  the  variations  referred  to  are  Ibst  through 
the  elasticity  of  the  air  itself.  The  piston  of  the  blowing  machine 
is  almost  invariably  worked  by  steam  power,  being  attached 
by  a  parallel  adjustment  to  the  oscillating  beam  of  an  engine. 
In  many  cases  each  machine  is  provided  with  two  blowing 
cylinders  acting  alternately  at  each  stroke  made  by  the  beam,  bv 
which  the  motion  is  communicated.  The  power  required  to  work 
an  apparatus  of  this  kind  necessarily  depends  on  its  size,  and  also 
that  of  the  frimace  or  series  of  frimaces  which  it  supplies ;  but  as 
an  average  about  one  horse  power  may  be  calculated  for  every  2^ 
tons  weekly  produce  of  metal.  At  one  of  the  large  Welsh  smelting 
establishments,  the  power  of  850  horses  is  expended  in  blowing  12 
frimaces,  and  their  respective  fineries ;  which,  if  we  deduct  one- 
eighth  for  the  fineries,  will  leave  for  each  a  force  of  between  25 
and  26  horses.* 
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These  furnaces  each  consume  on  an  average  8,600  cubic  feet  of 
air  per  minute,  and  yield  a  weekly  product  of  60  tons  of  cast  iron : 
the  :force  expended  ia  blowing  will  therefore  be  equivalent  to  the 
power  of  one  horse  for  every  2T^th  tons  of  metal  produced. 

The  great  blowing  cylinder  at  one  of  the  largest  of  the  South 
Wales  iron  works  is  9  feet  4  inches  in  diameter,  and  8  feet  4  inches 
in  height.  The  piston  has  a  range  of  8  feet,  and  makes  13  strokes 
in  a  minute,  which,  afber  allowing  4  per  cent,  for  loss  by  various 
leakages,  gives  by  calculation  the  sum  of  12,588  cubic  feet  of  air 
expelled  from  the  apparatus  in  one  minute. 

The  prefisure  at  which  the  blast  is  admitted  into  the  hearth 
varies  within  considerable  limits  according  to  the  season  of  the 
year  and  the  nature  of  the  fuel  employed.  In  summer,  the  air 
being  more  rarified  than  in  winter,  will,  in  a  given  bulk,  contain 
a  less  amount  of  oxygen ;  and  a  larger  quantity  is  therefore  blown 
into  the  furnace  to  produce  a  similar  result. 

With  very  light  and  easily  combustible  ftiels,  such  as  the  various 
kinds  of  charcoal,  but  little  pressure  is  used ;  but  when  a  very 
dense  fuel,  such  as  coke,  is  employed,  the  air  reqidres  to  be  more 
strongly  compressed.  The  smaU  charcoal-fod  furnaces  of  the  Con- 
tinent are  frequently  blown  with  a  pressure  not  exceeding  half  a 
pound  on  the  square  inch;  but  this  is  more  or  less  modified 
aeeording  to  the  nature  of  the  charges  with  which  it  is  supplied. 
Por  coke,  the  pressure  varies  from  IJ  to  3i  pounds  per  square 
inch ;  but  these  numbers  represent  the  extreme  limits,  and  the 
average  will  probably  be  between  2^  and  3  pounds  to  the  square 
inch. 

8nMitiiiv.-*Having  described  the  blast  furnace,  and  the  diffe- 
rent arrangements  connected  with  its  action,  we  will  now  proceed 
to  the  study  of  the  various  phenomena  which  influence  the  opera- 
tion of  smelting  iron  ores. 

For  this  purpose  let  us  suppose  that  the  ^unace  is  either  quite 
new,  or  has  been  recently  repaired,  and  it  will  be  therefore 
necessary  to  commence  by  lighting.  To  prevent  the  masonry  from 
being  injured  by  a  too  sudden  application  of  heat,  this  is  begun 
by  piling  a  quantity  of  loose  fuel  in  the  arch  forming  the 
breast  of  the  furnace :  on  lighting  this,  the  smoke  and  flame  wiU 
enter  the  body  of  the  anparatus  through  the  orifice  left  open 
between  the  tymp  and  tne  bottom  of  uie  crucible,  as  at  this 
point  of  the  operation  the  dam  is  left  entirely  open.  The  fire  is 
to  be  thus  kept  up  during  several  successive  days,  and  as  soon  as 
the  brick-work  has  become  sufficiently  heated,  to  prevent  any  fear 
of  accident  firom  an  increase  of  temperature  the  fuel  is  thrown 
into  the  furnace  through  the  throat,  and  allowed  to  rise  as  far  as 
the  middle  of  the  boshes.    When  the  drying  is  still  farther 
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advanced,  the  whole  internal  cavity  is  gradually  filled  up  with  the 
combustible  which  is  to  be  employed  in  smelting  the  ore,  and  the 
blast  gradually  and  cautiously  applied.  After  a  time  the  whole 
force  of  air  is  allowed  to  play  into  the  furnace,  and  when  the  fuel 
has  sufficiently  sunk,  a  small  charge  of  the  mineral  to  be  treated 
is  thinly  spread  on  its  surfisice.  Over  this  another  layer  of  coke  is 
placed,  and  when  it  has  again  sufficiently  subsided,  more  ore  and 
coke  are  successively  added,  until  at  the  expiration  of  several  days 
the  charges  of  ore,  which  were  at  first  extremely  small,  have  been 
gradually  increased  to  the  normal  proportion  which  is  to  be 
employed  during  the  whole  time  the  furnace  is  in  fire. 

It  is  essential  to  the  proper  working;  of  the  apparatus,  that  both 
the  metal  and  sangue  contained  in  the  ore  should  be  fused  to  a 
perfectly  liquid  state,  in  order  that  their  separation  may  be 
readily  effected  by  the  difierence  of  density.  It  nevertheless 
seldom  happens  that  the  minerals  treated  can  be  directly  smelted 
without  the  addition  of  a  proper  flux,  as  the  earthy  impurities 
which  they  contain  are  found  to  exert  a  very  unfavourable  in- 
fluence on  the  process  of  smelting.  In  most  instances  the  gangue 
associated  with  the  ores  of  iron  consists  either  of  quartz  or  cky, 
which  are  both  infusible  at  the  temperature  of  the  blast  furnace, 
and  can  only  be  melted  at  the  expense  of  a  certain  portion  of  the 
oxide  of  iron  contained  in  the  mmeral,  and  which,  by  passins;  off 
in  the  slags,  considerably  reduces  the  amount  of  metal  obtained 
firom  any  given  quantity.  K  the  mineral  operated  on  be  united 
to  a  sihceous  gangue,  invisible  at  the  ordmary  temperature  of 
our  furnaces,  it  can  only  be  made  to  melt  by  the  addition  of 
a  proper  quantity  of  some  one  or  more  bases,  with  which  it 
forms  a  fusible  siUcate  at  the  temperature  obtained.  If,  instead 
of  adding  a  proper  base  to  the  ore,  it  be  at  once  introduced 
into  the  furnace,  the  silicic  acid  present  combines  with  a  portion 
of  the  oxide  of  iron,  and  a  fusible  slag  is  producea,  con- 
taining a  large  proportion  of  this  oxide,  whilst  the  product  of 
metal  will  be  proportionately  reduced.  In  case  of  the  mineral 
being  associated  with  an  argillaceous  gangue,  results  of  a  veir 
simikr  nature  will  be  obtained.  Silicate  of  alumina  is  of  itself 
almost  totally  infusible  in  the  blast-furnace,  but,  on  being  heated 
with  a  mixture  of  iron  ore,  it  combines  with  a  portion  of  the 
oxide  of  that  metal,  and  forms  a  double  silicate  of  alumina  and 
iron,  which  is  much  more  readily  fused.  If  a  proper  amount 
of  carbonafce  of  lime  be  thrown  into  the  furnace,  together  with 
the  ore,  it  will,  during  its  descent  through  the  body  of  the 
apparatus,  be  converted  into  caustic  lime,  which,  by  combining 
with  the  silica  and  alumina  present  in  the  ore,  gives  rise  to  the 
production  of  a  fusible  double  silicate  of  lime  and  alumina^  in 
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which  the  protoxide  of  iron  is  almost  entirely  replaced  by  the 
lime  added.  Should  the  gangue,  on  the  contrary,  be  chiefly  com* 
posed  of  quartz,  it  will  be  necessary  to  add  both  carbonate  of 
time  and  ar^aceous  matter :  but  instead  of  doin^  this  directly  by 
the  use  of  limestone  and  clays  rich  in  alumina,  it  is  found  more 
advantageous  to  effect  the  same  object  by  a  judicious  mixture  of 
such  ores  as  contain  the  largest  quantities  of  the  substances 
required. 

The  minerals  treated  in  many  localities  contain  a  large  amount 
of  carbonate  of  lime,  and  in  this  case  it  is  impossible  to  obtain 
satisfactory  results  without  a  due  admixture  of  silicate  of  alu- 
mina. 

For  this  purpose  clay  ironstone  is  most  frequently  employed, 
although  the  same  result  is  obtained  by  the  use  of  a  proper  mix- 
ture of  the  rich  silicate  of  protoxide  o^  iron,  obtained  in  some  of 
the  processes  to  be  hereafter  described. 

The  fusibility  of  the  double  silicate  of  lime  and  alumina  is  also 
influenced  by  the  relative  proportions  of  its  various  constituents. 
Those  silicates  are  found  to  be  most  fusible  in  which  the  oxygen 
of  the  acid  is  double  the  amount  of  that  contained  in  the  united 
bases.  The  point  of  fusion  is  also  materioUy  afiected  by  the 
relation  existmg  between  the  respective  amounts  in  which  the 
two  bases  are  combined ;  and  those  slags  are  invariably  the  most 
fusible  which  result  from  a  mixture  of  one  part  of  natural  clay 
with  about  \  of  carbonate  of  lime.  It  has  also  been  observed, 
that,  all  other  circumstances  being  the  same,  the  fusibility  of  a 
silicate  is  greater  in  proportion  to  the  number  of  bases  which  it 
contains,  and  consequently  a  more  liquid  scoria  is  obtained  by  the 
addition  of  a  magnesian  limestone  than  if  pure  carbonate  oi  lime 
were  alone  employed.* 

A  great  proportion  of  the  expense  incurred  in  the  metallurgic 
treatment  of  the  ores  of  iron  is  occasioned  by  the  large  quantities 
of  combustible  consumed,  and  it  is  consequently  of  the  highest 
importance  to  reduce  as  far  as  possible  this  expenditure  of  fuel. 
For  this  reason  it  is  usual  to  increase  the  weight  of  the  charges  of 
ore  until  the  metal  produced  suflers  more  from  deterioration  in 
quality  than  can  be  gained  by  economy  of  the  combustible,  and 
tne  working  of  the  fr^naces  will  therefore  be  most  advanti^ously 
conducted  when  these  limits  are  most  nearly  approached.  The 
fuel  employed  in  the  blastt  furnace  is  either  charcoal,  coke,  or  coal, 
and  the  nature  of  the  products  obtained  will  be  in  a  great  degree 
influenced   by  the  nature   of  the  combustible  with  which  the 

*  The  presence  of  magnesia  in  the  limestone  employed  is  thought  by  many 
to  be  pitgudicial  to  the  quality  oi  the  iron  produced. 
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apparatus  is  kept  supplied.  When  charcoal  is  the  fiiel  used, 
the  amount  of  incombustible  matter  produced  is  very  small, 
and  besides  being  extremely  Visible,  it  does  not  contain  any 
ingredient  detrimental  to  the  quality  of  the  iron  manufactured. 
In  furnaces,  therefore,  in  which  charcoal  is  consumed,  the  problem 
sought  is  the  formation  of  the  most  fusible  slags  which  can  be 
produced ;  and  great  care  is  at  the  same  time  taken  to  exclude  from 
the  charge  any  impurities  likely  to  exert  an  unfavourable  influence 
on  the  properties  of  the  metal  obtained.  The  slag  usually  result- 
ing irom  this  method  of  treatment  is  a  nearly  pure  double  silicate 
of  lime  and  alumina,  containing  but  slight  traces  of  protoxide  of 
iron,  and  in  which  the  oxygen  of  the  acid  is  just  double  that  of 
the  united  bases. 

With  coke,  on  the  contrary,  the  amount  of  ash  left  is  often 
very  considerable ;  and  as  the  rael  frequently  contains  sulphuret  of 
iron,  resulting  from  pyrites  present  in  the  coal  from  which  it  was 
made,  the  sulphur  thus  introduced  into  the  furnace  unites  with 
the  iron  produced,  and  materially  affects  its  quality.  If  in  this 
case  the  mixture  of  ores  were  arranged  so  as  to  again  give  rise  to 
the  formation  of  a  double  silicate,  having  the  same  composition  as 
that  obtained  in  the  charcoal  furnace,  a  large  proportion  of  the 
sulphur  present  would  unite  with  the  metal,  thereby  greatly  dete- 
riorating its  quality,  and  totally  unfitting  it  for  tne  majority  of 
manufacturing  purposes. 

Experience  has  shown,  that  when  an  excess  of  lime  is  under 
these  circumstances  present  in  the  furnace,  the  sulphur  no  longer 
possesses  a  tendency  to  unite  with  the  iron,  but  passes  off  in  the 
slags  in  the  form  of  sulphuret  of  calcium.  The  sla^  resulting 
from  this  method  of  operating,  instead  of  being  a  double  silicate, 
in  which  the  oxygen  in  the  base  is  but  half  that  contained  in 
the  acid,  will  form  a  silicate  in  which  the  oxygen  of  the  base  is 
equal  to  that  of  the  acid,  and  is  consequently  more  infrisible  than 
the  slags  produced  by  the  charcoal  fiimace,  and  therefore  requires 
a  very  high  temperature  in  order  to  cause  it  to  flow  freely  from 
the  hearth.  The  metal  manufactured  by  the  use  of  coke  is  usually 
of  inferior  quality  to  that  obtained  from  fiimaces  where  charcoal  is 
employed ;  but  the  great  expense  of  this  latter  ftiel  causes  it  to  be 
applied  only  where  iron  of  the  best  sort  is  required. 

Clienilcal  Action  of  the  Blast. — The  chemical  changes  which 
occur  during  the  process  of  smelting  iron  ores  in  the  ordinary 
furnace,  will  be  perhaps  best  understood  by  first  examining  the 
various  reactions  produced  by  the  injected  air  during  its  ascent 
from  the  tuyeres  to  the  throat,  and  afterwards  tracing  the  gradual 
alterations  effected  in  the  ore  and  fuel  during  its  slow  descent 
through  the  different  parts  of  the  internal  cavily  of  the  apparatus. 
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The  ore  and  fuel  are,  as  before  stated,  thrown  into  the  furnace  in 
regular  strata,  and  descend  in  the  same  order  until  thej  reach 
the  belly  or  upper  part  of  the  boshes.  The  temperature  of  the 
upper  part,  or  cone,  is  not  very  considerable :  in  the  neighbour- 
hood of  the  boshes  much  more  heat  is  evolved,  whilst  in  the 
hearth  is  developed  its  maximum  intensity. 

The  air  thrown  in  to  the  hearth  there  meets  with  fuel  in  a 
highly  incandescent  state,  and  from  the  large  excess  of  oxygen 
present,  vigorous  local  combustion  ensues.  This  combustion 
caused  by  the  blast  usually  extends  to  about  the  middle  of  the 
boshes,  but  its  activity  is  there  much  less  than  in  the  hearth 
itself,  as  the  larger  portion  of  the  o^gen  is  abready  converted 
into  carbonic  acid  before  that  point  has  been  reached  by  the 
ascending  current. 

The  gases  which  reach  the  upper  part  of  the  boshes  are  chiefly 
composed  of  nitrogen  and  carbonic  acid,  and  as  they  have  acquired 
a  very  elevated  temperature,  communicate  a  portion  of  their  heat 
to  the  combustible  and  mineral  occupying  the  lower  portion  of  the 
body  or  cone.  Here,  from  the  facility  with  which  carbonic  acid  is 
at  elevated  temperatures  converted  by  the  presence  of  carbon 
into  carbonic  oxide,  another  change  takes  place.  The  heated 
carbonic  acid,  on  arriving  at  the  base  of  the  cone,  is  decomposed 
by  the  fuel  with  which  it  there  comes  in  contact,  and  combining 
with  a  quantity  of  carbon  equal  to  that  which  it  abeady  contains, 
becomes  converted  into  carbonic  oxide.  Each  atom  of  carbonic  oxide 
thus  produced  occupies  exactly  the  same  space  as  the  carbonic 
acid  from  which  it  was  generated,  and  as  every  atom  of  the  latter, 
by  uniting  with  an  atom  of  carbon,  gives  rise  to  two  of  the  former, 
it  follows  that  a  great  expansion  of  volume  must  take  place. 
This  dilatation  must,  according  to  the  known  laws  of  physics, 
cause  the  absorption  of  a  corresponding  amount  of  heat,  so  that 
the  temperature  wUl,  instead  of  oeing  increased,  be  considerably 
diminished,  and  whilst  the  boshes  are  at  a  white  heat,  the  base  of 
the  cone  will  be  merely  red-hot. 

The  gases  existing  in  this  region  now  consist  of  a  mixture 
of  nitrogen  and  carbonic  oxide,  which  must  in  their  ascent  traverse 
the  heated  ore  and  fuel  contained  in  the  higher  part  of  the  boshes 
and  cone  of  the  furnace.  In  doing  this,  the  carbonic  oxide 
readily  acts  at  a  high  temperature  on  the  oxide  of  iron,  and 
reduces  it  to  the  metallic  state,  so  that  there  is  formed  in  this 
part  of  the  arrangement  a  mixture  of  gangue,  lime,  and  metallic 
iron.  This  reduction  of  iron  causes  the  reproduction  of  a  portion 
of  carbonic  acid,  at  the  expense  of  the  oxide  of  carbon,  and  another 
portion  wiU  be  derived  from  the  carbonate  of  lime  used  as  a  flux, 
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which  ia  at  this  point  converted  into  caustic  lime  by  the  expulsion 
of  its  carbonic  acid.  The  gases  which  escape  by  the  throat  of  the 
furnace  therefore  consist  of  nitrogen,  carbonic  oxide,  and  carbonic 
acid,  together  with  hydrogen  and  carburetted  hydrogen,  arising 
from  the  dry  distillation,  in  the  upper  part  of  the  cone,  of  the 
combustible  employed  as  fiiel,  and  which  is  never  so  thoroughly 
charred  as  not  to  yield  a  certain  amount  of  these  gases  when  sub- 
jected to  an  elevated  temperature.  The  quantity  of  carbonic 
oxide  and  hydrogen  is  also  slightly  augmented  by  the  moisture 
which  enters  with  the  blast  through  the  tuyeres,  and  is  decomposed 
by  traversing  the  layers  of  heated  fuel  contained  in  the  body  of 
the  Aimace.  The  gases  which  escape  from  the  chimney  are  seldom 
very  highly  heated,  but  are  exceedingly  combustible,  and  on  being 
igmted  bum  with  a  clear  transparent  flame,  wbach  continues 
during  the  whole  time  the  furnace  is  in  action. 

The  following  Tables  exhibit  the  per-centage  composition  of 
the  gases  issuing  from  the  furnaces  of  Vickerhaeen,  in  Germany, 
and  Baerum,  in  Norway.  The  ore  in  both  these  localities  is 
treated  by  the  aid  of  wood  charcoal,  and  the  gases  were  obtained 
of  various  distances  below  the  throat  or  tunnel-hole,  by  passing  a 
wrought  iron  pipe  to  the  depth  at  which  it  was  desired  to  examine 
the  products  of  combustion.  To  the  upper  extremity  of  this  tube 
was  connected  a  leaden  pipe,  by  which  the  gases  were  conducted 
to  a  place  suited  for  their  analysis,  and  by  this  means  they  were 
readily  collected  in  sealed  glass  tubes,  from  which  they  could  be 
subsequently  transferred  into  vessels  properly  graduated  for 
eudiometrical  examination.  The  experiments  on  the  German 
furnace  are  by  Professor  Bunsen,  and  those  made  at  the  Baerum 
Iron  "Works,  by  Scheerer  and  Langberg. 
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If  we  now  examine  the  changes  produced  during  the  descent  of 
the  ore  and  fuel  to  the  hearth,  we  shall  find  that  very  different 
chemical  reactions  are  effected  in  the  various  parts  of  the  furnace. 
In  the  neighbourhood  of  the  throat  the  hygroscopic  water  will 
alone  be  driven  off.  When  they  have  sunk  to  the  mstance  of  ten 
or  twelve  feet  from  the  surface,  the  combined  water  of  the  hydrated 
oxide  of  iron  begins  to  be  expelled,  whilst  still  a  little  further  down 
the  carbonic  acid  both  of  the  ore  and  flux  is  partially  eliminated, 
and  a  portion  of  the  oxide  of  iron  becomes  reduced  to  the  metallic 
state.  This  reduction  is  completed,  and  the  remainder  of  the  car- 
bonic acid  expelled  in  the  lower  part  of  the  cone  and  the  com- 
mencement of  the  boshes.  When  the  substances  reach  the  lower 
part  of  the  boshes,  they  there  meet  with  a  much  more  elevated 
temperature,  and  the  lime  added  as  a  flux,  together  with  the  ash 
contained  in  the  fuel,  combines  with  the  silica  to  form  various 
double  silicates,  which  are  afterwards  melted,  and  constitute  a 
fusible  slag. 

In  this  region,  also,  the  iron  is  exposed  in  a  very  slightly  oxi- 
dising atmosphere  to  intense  heat  in  the  presence  of  carbon,  and  a 
certam  portion  of  this  substance  is  consequently  taken  up  by  the 
metal  which  passes  to  the  state  of  cast  iron.  A  small  quantity  of 
silica  is  at  the  same  time  reduced  in  this  part  of  the  furnace ;  this 
decomposition  is  caused  by  the  presence  of  the  iron  and  carbon  : 
with  the  first. of  these  the  resulting  silicium  enters  into  combina- 
tion, while  the  abstracted  oxygen  unites  with  carbon,  and  gives 
rise  to  the  formation  of  carbonic  acid  gas. 

The  charge  thus  modified  now  arrives  at  the  upper  part  of  the 
hearth,  where,  from  the  intensity  of  the  heat  generated  by  the 
action  of  the  blast  on  what  remains  of  the  fiiel,  both  the  silicates 
and  the  cast  iron  become  completely  fused,  and  fall  in  a  liquid 
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shower  into  the  crucible  beneath.  As  has  been  before  observed, 
the  atmosphere  present  in  this  portion  of  the  apparatus  is  ex- 
tremely oxidising ;  and  it  is  therefore  absolutely  necessary  that 
the  hearth  be  so  contracted  as  to  cause  the  melted  products  to  fall 
rapidly  through  the  zone  of  oxidation.  If  the  materials,  on 
arriving  at  the  termination  of  the  boshes,  were  allowed  to  remain 
too  long  exposed  to  the  oxidising  influence  there  present,  a  consi- 
derable portion  of  the  reduced  metal  would  a^^am  be  converted 
into  oxide,  and,  uniting  with  the  silicates  of  the  gangue,  pass 
off  in  the  form  of  liquid  slag.  On  reaching  the  crucible,  the 
mixture  of  metal  and  fused  silicates  arrange  themselves  according 
to  the  order  of  their  densities  :  the  iron,  from  its  greater  specific 
gravity,  occupies  the  lowest  position  in  the  hearth,  while  the 
Hghter  silicates  float  on  its  surface,  and  serve  as  a  protection  from 
all  oxidating  influences.  The  volume  of  slag  thus  produced  is 
always  five  or  six  times  greater  than  that  of  the  iron  obtained,  and 
consequently  it  soon  rises  to  the  level  of  the  dam-plate,  and  flowing 
over,  escapes  on  the  top  of  the  inclined  plane  to  the  ground  on 
which  the  furnace  is  built.  When  the  surface  of  these  slags 
becomes  pasty  from  cooling,  and  it  therefore  ceases  to  flow  readily, 
the  hardened  scum  is  removed  by  means  of  pointed  iron  levers  rest- 
ing on  the  lateral  plate  of  the  incline,  and  which,  for  the  purpose  of 
affording  a  better  fulcrum,  is  often  coarsely  notched  like  the  teeth 
of  a  large  saw,*  During  the  time  the  slag  is  being  gradually 
removed  from  the  inclined  plane,  the  cast  iron  is  slowly  accumu- 
lating in  the  bottom  of  the  crucible,  and,  if  not  withdrawn  at  proper 
intervals,  would  ultimately  rise  to  the  height  of  the  dam-plate,  and 
escape  by  the  same  channel  which  affords  egress  to  the  fused  earthy 
silicates.  When,  however,  the  crucible  has  become  nearly  filled 
with  metal,  which,  according  to  the  construction  of  the  furnace, 
happens  either  once  or  twice  in  the  course  of  twenty-four  hours, 
the  iron  is  drawn  off  in  order  to  make  room  for  a  fresh  accumu- 
lation. 

This  removal  of  the  liquid  metal  is  called  tapping,  and  is  effected 
by  piercing  vdth  a  long  bar  a  plug  of  clay,  with  which,  during  the 
previous  operations,  a  hole  communicating  with  the  bottom  of  the 
crucible  had  been  tightly  closed.  Before  proceeding  to  tap,  the 
workmen  prepare  moulds  for  the  reception  of  the  liquid  metal,  by 
excavating  in  the  sand  composing  the  floor  of  the  workshop  a 
series  of  parallel  trenches  connected  by  a  channel  which  traverses 
all  at  right  angles,  and  places  them  in  communication  with  the  hole 
at  the  bottom  of  the  nearth,  by  which  the  liquid  metal  is  with- 

'  Instead  of  removing  the  slags  as  here  described,  they  are  now  more  fre- 
quently moulded  into  large  blocks  by  being  allowed  to  flow  into  iron  waggons 
running  on  a  railway. — See  Frontispiece. 
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drawn.  The  blast  is  now  shut  off  from  the  tuyeres,  and  the  plug 
of  refractory  clay  rapidly  removed :  this  allows  the  melted  iron  to 
flow  into  tne  channel  communicating  with  the  mould ;  here  it 
assumes  the  form  of  semi-cylindrical  bars  or  pig8^  united  by  one  of 
larger  dimensions,  called  a  sow,  and  from  which  they  are  easily 
separated  by  being  broken  off  at  the  points  of  connection,  which 
are  for  this  reason  purposely  made  thinner  than  the  other  parts  of 
the  bars.  When  the  whole  has  been  drawn  off,  the  air  is  again 
admitted  into  the  furnace,  and  the  smelting  operations  as  above 
described  are  repeated,  until,  from  the  quantity  of  metal  accu- 
mulated, a  second  tapping  becomes  necessary. 

The  quality  and  consequent  value  of  pig  iron  is  not  only  modified 
by  the  form  and  size  of  the  furnace  from  which  it  has  been  obtained, 
but  also  in  a  great  measure  depends  on  the  nature  of  the  ore 
from  which  it  is  reduced,  as  well  as  on  the  composition  of  the 
particular  fiiel  with  which  the  furnace  is  supplied.  AVith 
minerals  having  the  same  composition,  the  iron  produced  by  the 
employment  of  charcoal  is  generally  of  imiform  quality,  and  well 
fitted  both  for  the  piurposes  of  casting  and  conversion  into  mallear 
ble  iron;  but  when  the  smelting  is  effected  by  the  use  of 
ordinary  coke,  the  nature  of  the  product  is  much  more  liable  to 
variation.  The  products  resulting  from  these  different  processes 
may  be  divided  into  three  distinct  classes. 

Ist.  Chrey  coat  iron,  which,  in  flowing  from  the  crucible,  throws 
out  blue  scintillations,  and  on  cooling  exhibits  a  finely  crystalline 
surface.  This  kind  congeals  very  slowly,  and  when  cast  into  pigs 
frequently  presents  smooth  concave  surfaces.  When  reraelted, 
this  metsd  forms  an  excellent  material  for  castings,  but  is  very  soft 
and  only  moderately  tenacious  when  first  obtained  from  the 
furnace. 

2nd.  Mottled  coat  iron  is  somewhat  lighter  in  colour  than  the 
preceding,  and  when  broken  presents  a  peculiar  mottled  appear- 
ance, from  which  it  derives  its  name.  Its  structure  is  more  open 
than  that  of  the  grey  variety,  but  it  makes  excellent  castings,  par- 
ticularly when  the  grey  tinge  predominates,  and  when  of  a  lighter 
hue  is  advantageously  employed  for  the  manufacture  of  soft  iron. 
It  admits  of  being  readily  turned  and  filed,  and  takes  a  good  polish. 

3rd.  White  cast  iron  is  hard  and  brittle,  and  presents  a  radiated 
lameUar  fracture.  On  tapping,  it  flows  sluggishly  from  the  fur- 
nace, and  throws  out  an  abundance  of  brilliant  white  scintillations ; 
it  is  so  hard  that  it  cannot  be  cut  even  by  tempered  steel ;  when 
refined,  it  yields  wrought  iron  of  bad  quality,  and  is  a  sure  indica- 
tion of  some  derangement  having  taken  place  in  the  working  of 
the  furnace.  It  is  only  employed  for  coarse  castings,  and  is  never 
used  in  the  construction  of  machinery. 

In  order  to  obtain  cast  iron  of  good  quality,  the  chpge  of  ore 

Digitized  by  VjOOQIC 


244  IBOK. 

should  never  reach  the  mazimuiii  amount  which  the  fuel  ia  capable 
of  reducing,  as  without  an  excess  of  carbon  the  furnace  ia  liable, 
from  the  slightest  accidental  circumstance,  to  produce  white  iron, 
which  is  far  too  brittle  to  be  employed  for  ordmary  purposes. 

It  is  also  necessary  that  the  yarious  arrangements  or  a  furnace 
should  be  ordered  with  distinct  reference  to  the  nature  of  the  fuel 
with  which  it  is  to  be  supplied,  as  the  form  of  the  apparatus  must 
be  made  to  vary  so  as  to  suit  the  peculiar  properties  of  the  com- 
bustible employed,  When  the  diameter  of  the  hearth  is  small,  the 
charges  from  above  pass  slowly  into  the  crucible  ;  and  if  a  proper 
amoimt  of  combustible  reaches  this  part  of  the  furnace,  tne  ore 
will  remain  a  sufjcient  length  of  time  in  the  region  of  most  intense 
heat,  to  allow  of  the  complete  separation  of  the  metal  from  the 
fusible  slag  with  which  it  is  associated.  If,  on  thfe  contrary,  the 
fuel  is  of  a  very  aombustible  nature,  such  as  charcoal  from  the 
lighter  kinds  of  wood,  and  a  strong  blast  be  at  the  same  time 
employed,  the  greater  portion  is  consumed  before  arriving  at 
the  proper  distance  from  the  tuyeres;  and  as  in  this  case  the 
oxidising  zone  is  found  to  exist  high  up  at  the  boshes,  the  reduced 
metal  will  consequently  not  remain  a  sufficient  length  of  time  in 
contact  with  carbonising  influences,  to  absorb  the  quantity  neces- 
sary to  giye  it  the  required  degree  of  fluidity,  and  a  large  portion 
becomes  reoxidised  by  trayersing  the  currents  of  air  furnished 
by  the  tuyeres.  The  product  which  thus  arriyes  in  the  crucible 
consists  of  half-reflned  cast  iron,  difficult  to  fuse,  and  small  in  quan- 
tity, as  the  portions  oxidised,  by  passing  through  the  blast  from 
the  different  nozzles,  pass  off"  in  the  resulting  slags,  under  the  form 
of  silicate  of  iron.  The  imperfectly  carburetted  iron  thus  produced 
frequently  attaches  itself  to  the  internal  lining  of  the  furnace 
immediately  above  the  tuyeres,  and  there  becoming  cooled  by  the 
current  of  air  forced  into  the  furnace,  so  interferes  with  the  action 
of  the  apparatus  as  to  make  it  necessary  to  extinguish  the  fire  and 
yemove  the  obstacle. 

When,  on  the  other  hand,  the  hearth  is  very  large,  without 
possessing  sufficient  height,  and  the  fuel  is  not  readily  combusti- 
ble, or  the  blast  feeble  and  insufficient,  the  temperature  produced 
in  the  hearth  will  be  extremely  high,  but  that  of  the  boshes 
becomes  cooled  below  the  point  necessaiy  for  the  successful  working 
of  the  filrQace,  This  deficiency  of  heat  in  the  upper  part  of  the 
furnace  causes  the  minerals  of  which  the  charges  are  composed  to 
arrive  in  the  hearth  in  an  incompletely  prepared  state  ;  and  as  they 
haye  not  then  sufficient  time  to  acquire  the  necessary  temperature, 
the  silicates  produced  remaii^  in  a  pasty  and  partially  fused  state, 
by  which  the  crucible  is  not  unfrequently  choked,  ana  the  action  of 
the  furnace  seriously  deranged.  A  somewhat  similar  inconvenience 
is  sometimes  caused  by  the  density  and  impermeability  of  the 
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minerals  treated,  for  in  this  case  the  ore  is  but  slightly  affected  by 
the  gaseous  oxide  of  carbon,  through  which  it  passes  in  its  descent 
towards  the  hearth,  and  is  consequently  only  reduced  by  actual 
contact  with  the  carbonaceous  matter  with  which  the  furnace  is 
supplied.  This  difficulty  may  be  in  a  great  measure  remedied  by 
roasting  the  ores  previous  to  being  smelted,  as  they  are  thereby 
rendered  more  friable,  and  consequently  expose  a  larger  surface  to 
the  action  of  the  reducing  gases,  than  if  passed  to  the  furnace 
directly  from  the  mine. 

BlowlB9  9111;. — After  a  furnace  has  been  in  action  a  considerable 
period,  its  internal  lining  becomes  extensively  corroded  through 
the  action  of  the  siliceous  compounds  constituting  the  slag.  The 
parts  most  liable  to  be  affected  by  being  thus  acted  on  are  the 
hearth  and  boshes,  which  not  only  become  much  enlarged,  but  are 
also  so  unequally  attacked  on  the  different  sides  as.  to  materially 
affect  their  forms,  and  interfere  with  the  frmctions  they  were  des- 
tined to  fulj&l.  When  this  takes  place  the  working  of  the  furnace 
is  very  unfavourably  influenced,  and  it  becomes  necessary  to  modify 
the  relative  proportions  of  ore,  flux,  and  fuel,  with  whicn  it  is  sup- 
plied. In  most  instances  it  is  found  expedient  to  increase  the 
proportion  of  fuel  employed ;  but  when  the  amount  required 
becomes  very  consideraoly  augmented,  the  furnace  must  be  blown 
Qut^  and  its  refractory  lining  thoroughly  repaired.  When  this  is 
to  be  done,  the  apparatus  is  charged  with  fuel  only,  until  the 
whole  of  the  metal  and  slag  which  it  contained  at  the  time 
of  ceasing  the  addition  of  ore  and  flux  is  entirely  drawn  off;  and 
after  allowing  it  to  become  completely  empty,  it  ia  left  to  cool 
during  a  considerable  period. 

The  whole  of  the  interior  lining  is  now  removed,  and  carefully 
replaced,  without  in  any  way  disturbing  the  outer  coating  of 
masonry,  which  is  much  less  subject  to  injury,  and  therefore 
seldom  stands  in  need  of  repair.  A  well-constructed  blast  fur- 
nace should  work  from  four  to  five  years  before  requiring  the  re- 
construction of  its  refractory  lining.  Some  of  the  Welsh  furnaces, 
and  particularly  those  in  the  neighbourhood  of  Merthyr-Tj^dvil, 
have  oeen  known  to  work  more  than  ten  years  without  requiring 
any  very  extensive  repairs,  and  even  at  the  expiration  of  this  period 
the  lower  portions  of  the  lining  only  have  required  entire  recon- 
struction, as  the  superior  portion  of  the  cone,  from  being  exposed  to 
a  much  lower  temperature,  is  still  less  affected,  and  sometimes  holds 
good  for  nearly  forty  years. 

The  quantify  of  coke  required  to  produce  a  given  weight  of 
cast  iron  depends  not  only  on  the  relative  richness  of  the  ores 
and  combustible  employed,  but  is  also  considerably  influenced 
by  the  nature  of  the  gangue  with  which  the  mineral  is  asso- 
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ciated,  and  the  form  and  dimensions  of  the  furnace  in  which  the 
process  of  smelting  is  carried  on.  When  charcoal  is  the  fuel 
used,  every  part  of  metal  produced  requires,  on  an  average,  H 
parts  of  fuel  for  its  preparation.  In  Staffordshire,  from  3^  to 
4  tons  of  coal,  including  that  employed  for  roasting  the  ore, 
are  required  for  the  production  of  one  ton  of  cast  iron.  In  Wales 
the  coal  produces  a  larger  per-centage  of  coke  than  that  which 
is  ohtained  in  the  above  locality,  and  each  ton  of  cast  iron  is 
there  calculated  to  require  for  its  manufacture  3  tons  of  coal,  equal 
to  about  2*1  tons  of  coke,  in  which  form  it  is  supplied  to  the 
fiimace. 

Applicatton  of  the  Hot  Blast. — The  blast  of  cold  air  which  con- 
stantly enters  the  furnace  hearth,  and  supplies  the  oxygen  neces- 
sary to  the  combustion  of  the  fuel,  must  evidently  absorb  a  portion 
of  the  heat  thus  generated,  and  prevent  the  temperature  from  ever 
rising  beyond  a  certain  limit,  as  although  the  mtroduction  of  a 
greater  volume  of  air  would  increase  the  quantity  of  oxygen 
present,  and  thereby  produce  a  more  rapid  combustion,  yet  at  the 
same  time  the  larger  volume  of  cold  air  thus  introduced  must 
absorb  more  of  the  heat  generated,  and  a  kind  of  thermo-equilibrium 
is  at  length  attained.  The  heat  developed  by  the  combustion  is 
distributed  in  three  different  portions :  one  is  communicated  to  the 
remaining  fuel ;  another  divided  between  the  nitrogen  of  the  in- 
jected air  and  the  volatile  products  of  combustion ;  and  a  third 
appropriated  by  the  ore  and  flux  present,  and  afterwards  dissipated 
by  diffusion  so  as  to  keep  up  a  nearly  equal  temperature  in  eveiy  part 
01  the  zone,  in  which  combustion  proceeds  with  equal  rapidity. 

K,  then,  we  suppose  that  two  furnaces  be  in  every  respect  similar, 
and  each  supplied  with  equal  amounts  of  the  same  fuel,  and  an 
equal  weight  of  air,  in  a  given  time,  but  that  the  one  be  blown 
with  hot,  and  the  other  with  cold  air,  we  shall  at  once  see  that  the 
temperature  of  the  one  can  be  raised  much  above  that  of  the  other. 
The  quantity  of  fuel  consumed  during  a  given  time  will  in  each 
case  be  nearly  equal,  and  consequently  the  amount  of  heat  gene- 
rated should  be  the  same  ;  but  still  the  furnace  supplied  with  hot 
air  requires  less  heat  than  the  other,  in  order  to  elevate  the  air 
with  which  it  is  supplied  to  the  temperature  of  the  interior  of- the 
hearth,  and  may  therefore  be  heated  proportionally  hotter  than 
that  in  which  the  cold  blast  is  injected.  It  has  been  calculated, 
that  by  the  use  of  the  hot  blast  at  672^  Fah.,  instead  of  60°  Fah., 
a  furnace  may  have  its  temperature  increased  about  one-eighth ; 
and  if  we  therefore  assume  the  temperature  obtained  by  working 
with  cold  air  to  be  on  an  average  2700^  Fah.,  we  find  that  this 
may  be  increased  to  3060^  Fan.,  making  a  difference  of  360^  in 
the  effective  heat  of  the  i^imace. 
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It  therefore  follows  that  many  substances  iniusible  in  an  appa- 
ratus blown  with  cold  air,  may  readily  be  made  to  melt  when 
heated  air  is  employed.  The  fuel  used,  if  of  a  slightly  inflammable 
nature,  would  also  bum  more  readily,  as  from  the  higher  temperar 
ture  at  which  it  is  brought  into  contact  with  the  bbwt,  its  aflanity 
for  oxygen  will  be  materially  increased.  By  this  means,  then,  we 
are  not  only  enabled  to  melt  bodies  infusible  in  the  ordinary 
furnace,  but  also  to  employ  fuel  of  an  inferior  description. 

Experience  has  moreover  shown,  that  if  a  furnace  going  well 
with  the  ordinary  cold  blast,  be  afterwards  supplied  with  heated 
air,  the  amount  of  fuel  added  may  be  consideraoly  reduced  without 
affecting  the  proper  working  of  the  apparatus.  The  substitution 
of  hot  air,  instead  of  cold,  nevertheless  materially  affects  the  nature 
of  the  reactions  which  take  place  in  the  different  parts  of  the 
apparatus.  The  amount  of  combustibles  bein^  dimmished,  and 
tne  quantity  of  air  supplied  from  the  tuyeres  bemg  in  proportion 
to  the  weight  of  fuel  used,  it  necessarily  follows  that  tne  amount 
of  gas  passing  through  the  furnace  is  much  less  in  proportion  to 
the  mineral  employed,  than  in  a  fiimace  working  witn  a  cold  blast. 
If,  then,  the  temperature  of  the  hearth,  notwithstandins  the 
diminished  quantity  of  fuel,  be  assumed  to  be  the  same  as  if  cold 
air  were  employed,  it  follows  that  all  the  upper  and  middle  parts 
of  the  apparatus  must  be  cooler  in  furnaces  where  the  hot  blast  is 
used,  than  in  those  in  which  cold  air  only  is  injected.  The  fuel,  also, 
from  being  more  readily  consumed  when  brought  in  contact  with 
highly  heated  air,  requires  less  time  to  unite  with  the  oxygen  of 
the  blast,  and  the  extent  of  the  zone  of  maximum  temperature 
will  be  therefore  proportionally  diminished.  These  causes  are  the 
means  of  producing  a  great  difference  in  the  nature  of  the  chemical 
actions  produced  in  the  various  parts  of  the  furnace,  and  from  this 
circumstance  the  products  obtained  by  the  hot  blast  are  found  to 
differ  considerably  from  those  yielded  hj  the  old  process.  When 
the  hot  blast  is  employed,  the  fuel  used  is  generally  uncoked  coal. 

Professors  Bunsen  and  Playfair  made  in  the  year  1846  an  ela- 
borate investigation  relative  to  the  different  chemical  changes 
affecting  the  production  of  cast  iron  in  a  furnace  worked  by  hot 
blast,  near  Alfreton,  in  Derbyshire,  and  to  them  we  are  indebted 
for  much  additional  information  on  this  important  subject.  This 
furnace,  which  is  40  feet  in  height,  and  11  feet  in  width  at  its 
widest  part,  is  blown  with  air  heated  to  626°  Fah.  (380°  C.)  The 
blast  is  forced  into  the  furnace  under  a  pressure  of  6*75  inches  of 
mercury,  the  diameter  of  the  nozzles  being  2}  inches.  The  ore 
treated  in  this  furnace  is  clay  carbonate  of  iron,  and  is  roastel 
previous  to  its  introduction  into  the  apparatus.  The  furnace  is 
BuppUed  with  eighty  charges,  each  consisting  of  4201bs.  of  calcined 
ocei  890  lbs.  of  coal,  and  170  lbs.  of  limestone,  in  the  course  of 
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twenty-foup  hours.  The  daily  produce  of  cast  iron  is  about  6  tons. 
The  hmestoae  is  broken  into  pieces  about  the  size  of  the  fist 
before  being  thrown  into  the  furnace.  The  coal  and  iron  are 
charged  in  large  lumps. 

In  order  to  collect  the  evolved  gases,  these  chemists  employed 
an  iron  tube  of  the  kind  described  when  speaking  of  the  furnaces 
of  Yickerhagen  and  Baerum ;  but  on  attempting  to  obtain  by  this 
means  the  gases  from  the  zone  in  which  the  fusion  of  the  ore  was 
effected,  the  pipe  was  either  much  softened,  or  entirely  melted, 
and  it  was  consequently  found  impossible  to  obtain  correct  results 
below  a  certain  depth  from  the  throat  of  the  apparatus.  To 
remedy  this  difficulty,  a  small  hole  was  bored  through  the  solid 
masonry,  from  the  front  of  the  furnace  to  its  internal  cavity. 
This  aperture  was  so  pierced  as  to  reach  the  hearth  just  beneath 
the  boshes,  at  a  distance  of  six  feet  from  the  bottom  of  the  cruci- 
ble, and  two  feet  nine  inches  above  the  tuyeres.  The  gas  drawn 
off  from  this  opening  was  found  to  possess  a  strong  smell  of 
cyanogen,  and  on  being  ignited  yielded  the  characteristic  purple 
flame  peculiar  to  that  body.  On  being  subjected  to  analysis,  the 
cyanogen  present  was  found  to  amount  to  1*34  per  cent.  The 
other  results,  as  obtained  at  the  various  depths  below  the  top  of  the 
fiimace,  are  here  given  in  a  tabular  form,  and  will  explain  the 
various  changes  produced  by  the  current  of  air  during  its  passage 
from  the  tuyeres  to  the  mouth  of  the  frimace. 


Depth  under  the 

I. 

11. 

m. 

IV. 

V. 

VI. 

vn. 

Vlll. 

Top. 

8Feet. 

11. 

14. 

17. 

20. 

23. 

24. 

34. 

Nitrogen    .    .    . 

64-77 

52-67 

60-96 

66-49 

60-46 

68-28 

66-76 

68-06 

Carbonic  Acid    . 

9-42 

9-41 

9-10 

12-43 

10-83 

819 

10-08 

0-00 

Carbonic  Oxide  . 

20-97 

29-24 

19-36 

19-77 

19-77 

29-97 

29-97 

26-19 

IdgtCarburetted 
Hydrogen  .    , 

8-23 

4-67 

6-64 

4-81 

4*40 

1-64 

2-33 

0-00 

Hydrogen .    .    . 
Olefiant  Gas  .    . 

6-49 

9-83 

12-42 

7-62 

4-83 

4-92 

6-66 

3-18 

0-85 

0-96 

1-67 

1-38 

000 

0-00 

000 

OKX) 

Cyanogen  .    .    . 

000 

0-00 

000 

0-00 

0-00 

trace. 

trace. 

1-34 

An  examination  of  these  tabulated  results  shows  that  light  ear- 
buretted  hydrogen  must  be  considered  aa  an  essential  constituent 
of  the  gaseous  products  of  the  apparatus,  even  at  a  depth  of 
24  feet  fr>om  the  surface,  and,  consequently,  that  the  coking  of  the 
combustible  is  not  thoroughly  effected  even  at  that  distance  from 
the  top.  It  also  further  shows  that  the  quanti^  of  nitrogen  is 
least  considerable  in  the  gaseous  mixture  drawn  m>m  a  depth  of 
fourteen  feet,  whilst  at  the  same  distance  the  amount  of  hydrogen 
and  carburetted  hydrogen  is  at  its  maximum,  and  we  may  there- 
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fore  ufer  this  to  be  the  zone  of  most  active  distillation.  On  com- 
paling  together  the  different  quantities  of  carbonic  oxide  and 
carbonic  acid,  there  appears  to  be,  contrary  to  what  was  observed 
in  the  smaller  charcoal  fomaces,  a  complete  absence  of  any  mutual 
dependence  in  the  proportions  of  each.  In  order  to  understand 
this,  it  is  necessary  to  attentively  consider  the  very  different  con- 
ditions under  which  the  materialB  were  exposed  to  the  action  of 
heat.  It  will  be  seen,  by  reference  to  the  table,  that  the  coal 
with  which  the  furnace  was  supplied  is  not  entirely  deprived 
of  its  volatile  carbonaceous  promicts,  and  water  formed  by  its 
distillation,  even  at  a  depth  of  24  feet  below  the  tunnel-hole. 
If,  then,  it  be  admitted,  which  is  probably  not  the  case,  that 
the  t^uperature  in  thui  part  of  the  arrangement  is  never 
so  far  lowered  by  the  gasification  of  the  coal  as  to  prevent  the 
reduction  of  oxide  of  iron,  and  the  consequent  conversion  of  car- 
bonic oxide  into  carbonic  add,  still  the  ore  will  not  only  be 
exposed  to  the  deoxidising  influences  of  the  gases  produced  in  the 
furnace,  but  will  also  be  subjected  to  the  contrary  action  of  the 
steam  evolved  jGrom  any  portions  of  the  coal  which  may  have 
escaped  coking  in  its  downward  passage.  The  method  employed 
at  Ajfreton,  of  feeding  the  furnace  with  large  unbroken  masses  of 
coal,  has,  therefore,  the  effect  of  simultaneously  subjecting  the  ore 
to  reducing  and  oxidising  influences,  and  the  relative  amounts  of 
carbonic  acid,  carbonic  oxide,  and  hydrogen,  will  consequently  be 
more  or  less  influenced  by  local  circumstances.  Now,  if  we  further 
consider  the  relative  amounts  of  carbonic  acid  and  carbonic  oxide 
gases  escaping  from  the  tunnel-hole,  it  becomes  necessary  to  look 
still  deeper  in  the  furnace  for  the  causes  which  effect  the  reduction 
of  the  ores.  If  this  reaction  were  accomplished,  and  the  carbonic 
acid  from  the  limestone  totally  expeUed  oefore  the  arrival  of  the 
charge  at  the  commencement  of  tne  boshes,  it  follows  that  the 
whole  of  the  gases  from  below  this  region  should  contain  their 
oxygen  and  ni&ogen  in  the  same  proportion  as  thev  exist  in  the 
air  furnished  bv  the  blast,  and  could  not  have  absorbed  an  excess 
of  oxygen.  On  consulting,  however,  the  following  table,  drawn 
up  by  Bunsen  and  Plavfair,  to  show  the  relative  proportions  of 
oxygen  and  nitrogen  collected  from  the  Alfreton  furnace,  at  various 
depths,  it  will  be  seen  that  this  is  not  the  case. 


Depth 

from  the 

Top. 

I. 

6  Feet. 

n. 

8. 

m. 

11. 

IV. 
14. 

V. 
17. 

VL 

20. 

VIL 
28. 

VIII. 
24. 

84. 

Nitrogen 
Orrgm. 

79-2 
24-9 

79-2 
23-6 

79-2 
24*6 

79-2 
19-6 

79-2 
26-7 

79-2 
28-7 

79-2 
28*2 

Digitized 

79-2 

»yC0< 

79^ 
3^1 
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This  series  of  numbers  indicates  that  the'relative  proportions  of 
oxygen  and  nitrogen  contained  in  the  various  regions  of  the 
furnace  were  very  different  from  those  observed  in  the  German 
experiments ;  but  it  must  be  remembered  that  it  will  be  extremely 
difficult  to  obtain  a  fair  average  of  the  gases  existing  in  that  part 
of  the  apparatus  in  which  the  dry  distiUation  of  the  coal  is  most 
rapidly  conducted.  This  source  of  error,  however,  disappears  in 
the  lower  parts  of  the  furnace,  where  the  olefiant  gas  ana  higher 
hydrocarbons  are  no  longer  present,  and  the  constant  results 
obtained  at  the  depth  of  24  feet  proves  that  below  this  point  there 
is  a  continual  evolution  of  carbonic  acid,  either  expelled  from  the 
lime-stone  used  as  a  flux,  or  caused  by  the  reduction  of  oxide  of 
iron,  or  perhaps  from  these  two  sources  united.  Beasoning,  how- 
ever, from  the  average  composition  of  the  gases  evolved  from  the 
materials  employed  in  the  furnace,  it  is  most  probable  that  the 
excess  of  carbonic  acid  is  due  to  the  former  cause,  and  that  the 
process  of  reduction  takes  place  at  the  boshes  only. 

The  great  difference  between  the  results  obtained  from  the 
furnace  at  Alfreton,  and  those  observed  in  the  continental  furnaces, 
will  appear  less  surprising  when  we  consider  the  temperature  of 
the  blast  in  each  case,  and  the  very  different  nature  of  the  fuel 
employed.    In  this  country  the  very  low  temperature  of  the  upper 

Eorfcions  of  the  hot-blast  furnace  anses  from  the  great  quantity  of 
eat  absorbed  by  the  gases  which  are  expelled  during  the  coking 
of  the  fuel  in  the  upper  parts  of  the  friniace,  and,  consequently, 
the  point  of  reduction  will  in  some  measure  depend  on  the  size  of 
the  pieces  of  coal  with  which  the  apparatus  is  supplied.  If  these 
be  large,  they  will  evidently  require  to  pass  through  a  greater 
length  of  the  heated  cone  than  when  broken  into  smaller  masses, 
and,  consequently,  all  other  things  being  equal,  the  point  of  reduc- 
tion will  be  lowest  in  the  furnace  in  which  the  largest  lumps  are 
charged,  and  highest  in  that  in  which  the  fuel  is  most  uniiormly 
divided. 

The  most  important  feature  of  this  investigation  is  the  discovery 
of  the  presence  of  large  quantities  of  cyanide  of  potassium  in  the 
lower  region  of  the  furnace.  On  introducing  an  iron  pipe  into  the 
hole  alluded  to  as  bein^  pierced  in  the  front  of  the  masonry  above 
the  tuyeres,  large  quantities  of  this  substance  were  readily  collected. 
To  do  this,  the  iron  tubing,  in  order  to  prevent  its  l)ein^  fused, 
was  inserted  to  within  a  certain  distance  only  of  the  mtemal 
carity  of  the  furnace,  and  to  its  outer  end  was  attached  a  series  of 
receivers  in  which  the  various  products  were  cooled  and  collected. 
From  the  quantities  thus  obtamed  from  a  given  volume  of  gas,  it 
was  calculated  that  at  least  224  lbs.  of  cyanide  of  potassium  were 
diuly  generated  in  the  furnace.    When  the  iron  tuDe  used  in  this 
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experiment  was  withdrawn  fipom  the  hole,  it  wm  found  to  be  inter- 
nally incrusted  with  melted  cyanide  of  potassium,  which  became 
deliquescent  on  exposure  to  the  air.  The  presence  of  these  large 
quantities  of  potassium  was  at  first  ascribed  to  the  limestone  used 
as  a  flux ;  but,  on  carefully  examining  it,  no  traces  of  any  of  the 
Baits  of  potash  were  discovered. 

An  average  sample  of  the  calcined  ore  was  next  analysed,  and 
afforded  the  following  results : — 

SUica 26-775 

Peroxide  of  Iron        ....  60*242 

Alumina 6*583 

Lime 3-510 

Magnesia 3*188 

Potash 0*743 

Manganese traces 

100*041 

The  coal  was  also  found  to  be  another  source  of  potash,  and,  on 
analysis,  yielded  the  following  per-centage  amounts : — 

Carbon 74*98 

Hydrogen 4*73 

Oxygen 1001 

Nitrogen 0*18 

Water 7*49 

Silicates 2*61 

Potash 0*07 
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Prom  the  quantity  of  ironstone  consumed  by  the  furnace  every 
twenty.four  hours  being  33600  lbs.,  and  that  of  coal  81200  lbs.,  it 
follows  that  it  receives  during  that  period  271*48  lbs.  of  potash, 
which,  if  transformed  into  cyanide  of  potassium,  woula  yield 
377*3  lbs.  of  that  substance ;  but  it  would  appear,  fi:t)m  the  exami- 
nation of  the  gas  drawn  from  the  upper  part  of  the  hearth,  that 
the  whole  of  the  potash  present  is  not  thus  converted.  Erom  the 
facility  with  which  ammonia  is  converted  into  cyanide  of  ammonium 
when  passed  over  charcoal  at  a  red  heat,  it  mi^ht  be  supposed  that 
the  presence  of  cyanogen  in  the  blast  fiumace  is  due  to  tne  decom- 
position of  ammonia  produced  by  the  distillation  of  the  coal.  That 
this  should  be  the  case,  will,  however,  appear  quite  impossible 
when  we  consider  the  temperature  of  the  part  of  the  furnace  in 
which  this  substance  is  generated.  The  hearth,  at  which  point 
the  formation  of  cyanogen  takes  place,  is  the  deepest  and  hottest 
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part  of  the  furnace ;  and  it  would  be  therefore  impossible  that  the 
coal,  on  arriving  in  that  region,  could  still  retain  any  traces  of 
ammonia,  as,  be&re  reaching  it,  it  must  have  been  exposed  to  a 
red  heat  for  at  least  eight  hours,  during  a  portion  of  which  time 
it  is  subjected  to  a  temperature  capable  of  reducing  potassium. 
The  same  chemists  have,  however,  shown  that  cyanide  of  potassium 
is  produced  on  passing  a  current  of  nitrogen  gas  over  a  mixture  of 
charcoal  and  carbonate  of  potash  strongly  heated  in  an  iron  tube, 
and  it  consequently  appears  certain  that  the  cyanogen  present  is 
furnished  solely  by  the  direct  union  of  the  liberated  nitrogen  with 
a  portion  of  the  carbon  constituting  the  fuel.  Since,  also,  the 
potash  will  be  reduced  at  a  high  temperature  in  the  presence  of 
carbon,  it  follows  that  the  formation  of  cyanide  of  potassium 
in  the  region  immediately  above  the  tuyeres  is  due  to  the  direct 
union  of  carbon  with  potassium  and  the  nitrogen  of  the  air.  The 
presence  of  this  substance  in  the  hearth  of  the  furnace  cannot 
fail  to  effect  extensive  chemical  changes,  and  influence  to  a  consi- 
derable extent  the  reducing  power  of  the  apparatus. 

It  has  been  shown  that  at  very  elevated  temperatures  this  salt 
is  volatile ;  and  if,  therefore,  it  reaches  the  part  of  the  furnace  iu 
which  the  reduction  of  the  ore  is  effected,  its  high  reducing  pro- 
perties will  necessarily  come  into  play.  By  this  means  it  must 
oecome  decomposed  into  nitrogen,  carbonic  acid,  and  carbonate  of 
potash,  of  which  the  two  former  will  pass  off  in  the  form  of  gas, 
whilst  the  latter,  not  being  volatile,  is  carried  down  by  the  other 
materials  in  the  fiimace  until  it  reaches  the  point  at  which  it  is 
again  transformed  into  cyanide  of  potassium,  in  this  way  we  can 
easily  understand  that  tne  accumulation  of  cyanide  of  potafisium 
may  ultimately  become  very  considerable,  and  capable  of  materially 
influencing  thQ  action  of  the  apparatus.  When  the  proportion  of 
this  salt  luas  become  increased  oeyond  a  certain  amount,  the  excess 
is  probably  decomposed,  by  the  action  of  the  blast,  into  nitrogen 
and  carbonic  acid,  which  escape  in  the  gaseous  form,  and  into 
carbonate  of  potash,  the  potash  of  which  unites  with  the  siliceoui^ 
matters  present,  and  is  carried  off  by  the  slag. 

It  ifl  evidently  very  difficult  to  aetermine  the  exact  nature  of 
the  various  chemical  actions  continually  taking  place  in  the 
different  parts  of  an  apparatus  of  such  immense  size,  and  so  highly 
heated,  as  a  blast  furnace ;  but  it  is  certain  that  the  presence  of 
large  quantities  of  a  material  of  a  character  so  highly  reducing  as 
cyanide  of  potassium  cannot  flail  to  materially  iiiduence  the  che- 
mical changes  which  are  there  effected.  The  amount  of  this  sub- 
stance is  probably  greater  in  hot  blast  furnaces  than  in  those  in 
which  air  at  the  ordinary  temperature  is  employed;  but  the 
quantity  generated  even  in  the  cold  blast  furnace  must  to  a  certain 
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degree  modify  the  reactions  before  described,  and  contribute  to 
the  reduction  of  the  ores. 

From  the  difficulties  attending  investieations  of  this  description, 
but  comparatively  few  experiments  have  been  made  on  the  subject, 
and  it  is  consequently  impossible  to  assign  to  the  diflTerent  reducing 
agents  present  in  the  apparatus,  their  relative  amounts  of  influence 
in  the  changes  produced. 

The  apparatus  by  which  the  blast  is  heated  to  a  proper  tem- 
perature IS  usually  a  kind  of  stove,  in  which  the  air  is  compelled 
to  pass  through  a  series  of  cast  iron  pipes  before  arriving  at  the 
nozzles,  through  which  it  enters  the  furnace.     Fig.  113  represents 


113. 


114. 


a  sectional  elevation  of  a  common  form  of  this  arrangement,  and 
fig.  114  a  vertical  and  lateral  section  of  the  same  apparatus,  a  a, 
fig.  113,  is  the  brick-work  of  the  furnace ;  b  a  section  of  one  of 
the  syphon-shaped  tubes  of  which  the  general  arrangement  is  more 
clearly  seen  in  the  next  figure,  and  of  which  the  diameter  may  vary 
from  six  to  eight  inches  ;  c  c  are  horizontal  pipes  of  considerably 
larger  diameter  than  those  above  described,  and  to  which  the  series 
of  syphon-shaped  tubes  are  connected  by  sockets  and  iron  joints  ; 
D  represents  the  fire-place  by  which  the  heat  is  supplied,  and  above 
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it  is  a  large  Hot  air-chamber  surrounding  the  whole  of  the  arched 
pipes.  The  openings  situated  at  the  crown  of  the  arched  covering 
serve  the  purpose  of  flues  for  the  escape  of  the  gases  coming  from 
the  fire-piace,  and  which  pass  into  the  chamber,  through  a 
number  of  apertures  placed  in  the  arches,  e  a,  fig.  114.  The 
draught  is  regulated  by  a  damper  so  placed  as  to  increase  or 
diminish  the  areas  of  these  apertures,  and  which  is  readily  adjusted 
by  the  compound  lever,  b.  The  large  cylinder,  h,  is  the  pjipe 
communicating  with  the  machine  by  which  the  blast  is  supplied, 
and  is  of  such  a  size  as  to  act  as  a  regulator,  and  destroy  the 
vibrations  occasioned  by  the  oscillation  of  the  piston  by  which 
the  air  is  forced  into  the  furnace.  The  horizontal  connecting 
pipe,  c,  through  which  the  cold  air  enters  the  stove,  is  provided 
with  a  stop  or  diaphragm  placed  in  the  middle,  and,  in  order  to 
escape  by  the  pipe  on  the  opposite  side,  the  air  will  be  compelled 
to  traverse  the  syphon  pipes,  b,  which,  being  strongly  heated, 
communicates  to  the  blast  the  necessary  increase  of  temperature. 
In  most  instances  each  tuyere  of  a  furnace  is  provided  with  a 
heating  apparatus  of  this  description ;  each  set  of  tubes  is  enclosed 
in  a  separate  mass  of  brickwork,  and  furnished  with  a  distinct  grate 
and  damper  for  the  regulation  of  the  temperature.  Although  in 
all  cases  where  the  hot  blast  is  employed,  the  air  is  heated  by  being 
lassed  through  a  series  of  tubes,  oi  which  the  temperature  is  raised 
y  means  of  an  open  fire,  yet  the  form  of  the  apparatus  and 
arrangement  of  the  various  ducts  are  subject  to  considerable  varia- 
tion. At  the  Butterly  works,  in  Derbyshire,  the  section  of  the 
arched  air-tubes,  instead  of  being  a  circle,  has  the  form  of  a  flattened 
parallelogram,  having  its  largest  dimensions  at  right  angles  with 
the  horizontal  tubes.  By  this  contrivance  the  air  is  made  to  pass 
over  a  larger  heated  surface  than  can  be  readily  obtained  in  the 
former  case,  and  the  tubes  are  also  supposed  to  be  less  liable  to 
sink  from  their  own  weight  when  at  a  red  heat ;  but  this  form  has 
the  disadvantage  of  being  more  expensive  than  that  in  which  round 
tubes  are  alone  employed,  although  in  some  respects  it  possesses 
peculiar  advantages.  Manv  of  these  heating  stoves  are  made  with- 
out any  diaphragm  in  the  horizontal  tubes,  and  in  this  case  the  in- 
duction and  eduction  pipes  are  attached  to  opposite  sides  of  the 
apparatus :  they  are  also  connected  with  the  opposite  ends  of  the 
tubes,  c,  and,  consequently,  the  air  first  enters  one  of  these 
horizontal  pipes,  and  then,  passing  through  the  arched  retorts, 
B,  escapes  to  the  nozzle  with  which  it  is  in  communication  by 
means  of  a  main  attached  to  the  end  of  the  pipe  placed  on  the 
other  side  of  the  fire-place.  The  cost  of  erecting  the  three 
heatini;  stoves,  one  for  each  tuyere  of  the  furnace,  is  very  con- 
siderable, but  they  are  also  liable  to  get  out  of  order,  and  each 
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apparatus,  on  an  aveiage,  annually  requires  repairs  to  the  extent 
of  one-fifth  of  its  origiiud  cost. 

The  various  arrangements  of  an  ordinary  blast  fomace,  including 
the  ovens  by  which  the  heating  of  the  blast  is  effected,  and  the 
waggons  used  for  the  removal  of  the  slags,  are  well  represented  in 
the  frontispiece  of  this  volume,  which  also  exhibits  the  method  of 
forming  the  sand  moulds  for  the  reception  of  the  liquid  metaJ. 

To  heat  the  blast  of  a  furnace  producing  60  tons  of  cast  iron 
per  week  to  the  required  temperature  (600°  Fah.),  the  stoves  will 
need  a  weekly  consumption  of  from  30  to  35  tons  of  coals,  or  about 
one  half  the  weight  of^the  metal  produced. 


HEA.TIKG  BLAST  BY  WASTE  HEAT  PBOli  TUNITEL-HEAD. 

Since  the  application  of  the  hot  blast  to  iron  furnaces,  various 
attempts  have  at  different  times  been  made  to  employ  the  waste  heat 
escai)ing  from  the  throat  of  the  apparatus  for  the  purpose  of  heating 
the  air  with  which  it  is  supplied.  The  importance  oi  such  an  adap- 
tation will  be  readily  understood  when  we  consider  that  in  Scot- 
land, where  anthracite  is  chiefly  employed,  some  of  the  largest 
furnaces  yield  from  150  to  200  tons  of  iron  per  week,  and  consume 
weekly  from  800  to  400  tons  of  coals  for  its  production.  These 
furnaces  receive  as  blast  from  4,000  to  5,000  cubic  feet  of  air  per 
minute,  and  constantly  vomit  forth  immense  volumes  of  smoke  and 
flame  which  pass  uselessly  into  the  atmosphere.  Great  Britain 
annually  produces  about  1,500,000  tons  of  iron ;  and  if,  therefore, 
the  expense  of  its  production  be  lessened  only  Is.  per  ton,  an  annual 
saving  of  £75,000  would  be  effected. 

One  of  the  methods  formerly  employed  for  the  purpose  of  attain- 
ing this  object  consisted  in  ranging  a  series  of  iron  pipes  around 
the  tunnel-head,  in  which  the  blast  was  heated  by  the  flame  passing 
out  of  the  mouth  of  the  furnace.  In  other  instances  the  pipes 
were  either  coDed  around  the  interior  of  the  upper  part  of  the 
cone,  so  as  to  be  heated  by  direct  contact  with  the  ignited  material 
which  it  contained,  or  were  so  enclosed  in  brickwork  as  to  become 
heated  by  transmission.  All  these  contrivances  have,  however, 
been  successively  abandoned,  as,  from  the  difficulty  attending  their 
repairs  whenever  they  had  got  out  of  order,  their  use  was  found 
disadvantageous  to  the  results  obtained. 

The  great  objection  to  all  these  plans  for  employing  the  waste 
heat  arises  from  the  circumstance  that,  in  case  of  the  heating 
apparatus  becoming  deranged,  it  becomes  necessary  to  entirely 
suspend  the  operations  of  the  furnace  during  the  time  it  is  under- 
going repair ;  and,  according  to  several  of  these  plans,  it  would 
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be  impossible  to  repair  a  leaky  joint  without  first  blowing  out 
the  furnace  with  which  the  apparatus  is  connected.  The  best 
method  by  which,  in  this  country,  advantage  is  taken  of  the  heat 
escaping  from  the  tunnel-hole,  is  that  invented  by  Mr.  James 
Palmer  Budd,  and  employed  by  him  with  the  greatest  success  at 
the  Ystalyfera  Iron  W  orks  in  South  Wales.  Listead  of  making 
the  heating  apparatus  an  integral  part  of  the  furnace,  the  ovens 
are  in  this  case  so  arranged  as  to  allow  of  their  being  readily  re- 
paired without  in  the  least  interfering  with  the  action  of  the 
furnaces  with  which  they  ajre  connected.  The  stoves  are  built  into 
the  masonry  a  little  below  the  level  of  the  throats  of  the  various 
furnaces  which  thejr  are  intended  to  supply  with  hot  air,  and  a 
chimney,  25  feet  higher  than  the  top  of  tne  platform,  affords  the 
means  of  drawing  into  them  as  much  of  the  heated  air  and  flame 
as  may  be  required.  These  are  carried  from  the  furnace,  a,  fig.  115. 


115. 


116. 


by  means  of  a  series  of  flues,  b,  placed  about  three  feet  below 
the  top,  and  communicating  with  the  hot  air  chamber,  c,  in  which 
are  placed  the  arched  pipes,  d,  heated  by  the  gases  issuing 
from  the  fiimace.  The  chimney,  e,  and  its  damper,/,  as  before 
stated,  regulate  the  heat  of  the  stove.  The  cross  jjipes,  ^,  con- 
nect together  the  upright  air-tubes,  d,  and  the  side  pipes.  A, 
convey  the  blast  arriving  by  the  upcast  mains,  t,  to  the  various 
cross  pipes.  The  heated  air  is  afterwards  conveyed  to  the  tuyeres 
by  the  downcast  ^ipes,^'  L  A  door,  k,  is  also  placed  in  the  brick- 
work of  the  building,  I  n,  for  the  purpose  of  cooling  the  apparatus 
before  entering  it  to  make  any  repairs.  Fig.  116  represents  a 
longitudinal  section  of  the  same  apparatus. 

"W  ith  this  arrangement  it  becomes  extremely  easy  to  regulate 
the  temperature  to  which  the  blast  is  elevated.    The  gases  escaping 
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from  the  furnace  have  usually  a  temperature  of  about  ISOO"*  Fah., 
and  it  is  therefore  necessary  to  draw,  by  the  aid  of  the  chimney, 
such  a  quantity  onij  through  the  chamber  as  may  be  required  to 
heat  the  air  circulating  in  the  tubes  to  600^.  To  do  this  the  gases 
should  pass  out  of  the  stove  at  about  800°,  and  one-sixth  pa^  of 
the  gaseous  products  issuing  from  the  tunnel-head  is  usually  found 
sufficient  to  produce  the  required  effect.  Should  the  temperature 
at  any  time  tall  too  low,  it  may  be  instantly  raised  by  edigntly  ele- 
vating the  damper,/. 

At  the  Ystalyfera  Works  another  portion  of  the  escaping  gases 
is  conducted  through  proper  flues  for  the  purpose  of  heatmg  the 
boilers  which  supply  the  engine  of  the  blowmg  machine ;  and  even 
after  doing  this,  a  considerable  amount  still  goes  off  into  the  air 
without  being  applied  to  any  useful  purpose.  The  economy  of  fuel 
caused  by  the  arrangement  just  descriDed  amounts  to  about  one- 
third  ;  so  that  two  tons  of  combustible  produce  the  same  quanti^ 
of  cast  iron  as  formerly  required  the  expenditure  of  three  tons  for 
its  preparation.  The  actual  (quantity  of  fuel  weekly  consumed  in 
the  furnace  to  which  this  modification  is  applied  is  about  100  tons : 
the  weight  of  metal  obtained  during  the  same  time  varies  from  60 
to  60  tons. 

HEAT  OBTAINEI)  BT  THE  GOMBTJSTIOK  OP  THE  TKITLAKMABLE  OASES 
ISSUUTG  7B0K  THE  TITinirEL-HEAB. 

It  has  been  proved  by  experiments  that  the  entire  column  of 
gas  issuing  from  an  iron  lumace  is  capable  of  being  inflamed  even 
after  it  is  cooled  to  the  ordinary  temperature  of  the  air.  From 
the  results  obtained  by  Bunsen  and  Flayfair,  during  their  experi- 
ments on  the  Alfreton  furnace,  they  came  to  the  condufiion  that 
81*54  per  cent,  of  the  heat  generated  is  continually  carried  off  by 
the  unconsumed  gases  which  escape  from  the  chimney^  Erom  this 
it  would  appear  that  a  more  than  ordinary  proportion  oi  combustible 
matter  was  in  this  instance  carried  off  in  the  gaseous  state ;  but 
all  chemists  agree  that,  on  an  average,  the  quantity  of  heat  thus 
lost  is  nearly  double  the  amount  of  that  actually  developed  in  the 
cavity  of  the  furnace  itself.  Several  patents  have  at  different 
times  been  taken  out  for  methods  by  which  the  heat  thus  lost  has 
been  sought  to  be  recovered  and  usefully  applied,  but  the  diffi* 
culties  attending  their  employment^  added  to  the  great  cheapness  of 
fuel,  has  prevented  their  coming  inte  use  in  this  country,  although 
several  oi  these  contrivances  are  still  in  operation  in  different  parts 
of  the  continent,  where  the  combustibles  employed  in  the  manu- 
fiusture  are  less  abundant>  and  conseq^uentiLy  miBce  eipensixe  than 
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in  Great  Britain.  The  usual  method  employed  for  collecting 
these  gases  is  by  partially  closing  the  month  of  the  furnace  so  as 
to  cause  a  slight  unpediment  to  flie  escape  of  its  gaseous  products, 
and  then  drawing  them  off  by  means  of  proper  tubes  to  the  situ- 
ation  where  it  is  intended  they  should  be  consumed. 

In  order  to  do  this  a  cylinder  of  cast  iron  of  a  smaller  diameter 
than  the  throat  of  the  iiumace,  and  having  a  depth  equal  to  its 
width,  is  frequently  used.  This  is  suspended  by  means  of  a  stroi^ 
flange  within  the  tunnel-head,  and  as  the  mouth  of  the  furnace  is 
constantly  kept  charged  with  mineral  and  Aiel,  whilst  a  clear  space 
remains  between  the  iron  collar  and  the  lininff  of  the  ftirnace, 
it  is  evident  that  this  space  must  be  filled  with  Sie  gases  issuing 
from  the  apparatus,  and  which  may  be  readily  condu<^ed  by  means 
of  flues  or  iron  pipes  to  any  situation  wherethey  may  be  required 
for  combustion.  In  furnaces  built  especially  wiih  a  view  to  eco- 
nomising the  heat  to  be  obtained  by  the  combustion  of  the  uncon* 
Bumed  gases,  the  internal  iron  lining  is  often  replaced  by  an 
ammlar  flue  made  in  the  brickwork  a  few  feet  below  the  tmroat. 
This  is  connected  by  several  arched  openine^s  with  the  interior  of 
the  cone,  and  as  the  charges  thrown  mto  toe  furnace  above  this 
point  naturally  offer  a  certain  resistance  to  the  exit  of  the 
escaping  gases,  they  find  their  way  into  the  annular  flue  before 
described,  from  whence  they  are  readily  drawn  off  in  any  direction 
in  which  they  are  required,  and  may  be  even  conducted  to  the 
distance  of  several  hundred  feet. 

From  the  quantity  of  nitrogen  contained  in  these  gases,  it  is 
found  necessary  for  their  combustion  that  they  should  be  supplied 
with  an  artificial  current  of  atmospheric  air,  and  also  that  this  should 
be  brought  in  contact  with  the  vapours  to  be  consumed  at  a  very 
elevated  temperature. 

In  order  to  cool  and  purify  the  gases  drawn  from  the  cavity  of 
the  furnace,  they  are  usually  passed  through  water ;  and  air-pumps 
are  frequently  employed  to  force  them  towards  the  point  where 
they  are  afterwards  to  be  used  as  fueL  This  gas,  when  once 
igmted,  bums  with  the  development  of  a  very  intense  heat,  so 
much  so  as  to  rapidly  destroy  the  linings  of  the  fiumace  in  which 
it  is  employed,  uiuess  special  means  be  adopted  to  prevent  the 
production  of  a  too  elevated  local  temperature.  The  heat  thus 
obtained  has  been  applied  to  the  generation  of  steam  for  working 
the  blowing  apparatus,  to  the  roasting  of  the  ores,  and  also  to  the 
refining  and  puddling  furnaces ;  and  although,  frx)m  the  cheapness 
of  fuel  m  this  country,  the  application  of  the  combustible  gases  has 
almost  ceased  to  be  a  matter  of  speculation,  it  is  still  probable  that 
if  a  careful  examination  were  undertaken  of  the  various  difficultieB 
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attending  its  employment,  these  might  yet  be  overcome,  and  the 
best  results  obtained. 

For  the  particulars  of  the  various  plans  which  are  adopted  on 
the  continent  to  effect  this  purpose,  I  would  refer  the  reader  to 
the  ''Annales  des  Mines,"  which  contains  notices  of  all  the  different 
forms  of  apparatus  which  have  been  employed  for  this  purpose. 

MouLnnra  cajst  ibok. 

The  metal  obtained  from  the  blast  furnace  is  sometimes  directly 
oonducted  to  the  moulds,  where  it  is  to  receive  the  form  under 
which  it  is  to  be  employed :  but  for  the  better  kind  of  castings, 
and  particularly  when  their  weight  is  not  very  considerable,  the 
metal  is  first  run  into  pigs,  and  afterwards  remelted  in  a  furnace 
called  a  cupola,  from  which  the  fused  iron  is  subsequently  drawn 
off  into  the  moulds  prepared  for  its  reception. 

The  best  irons  for  the  purposes  of  casting  are  those  belonging 
to  the  first  and  second  classes,  as  the  white  varieties  are  so  ex- 
tremely brittle  as  to  render  them  unfit  for  the  purposes  of 
the  founder.  The  iron  best  adapted  for  casting  directly  from  the 
crucible  of  the  furnace  in  which  it  is  produced,  is  that  known 
by  the  name  of  grey  iron.  This  variety  is  fine  in  the  grain, 
and  contains  but  a  small  proportion  of  graphiteus  matter,  which 
would,  if  present,  tend  te  render  the  metal  porous,  and  materially 
detract  from  its  strength.  The  iron  produced  by  furnaces  heated 
by  wood  charcoal  is,  when  the  mineral  treated  is  telerably  pure, 
invariably  well  calculated  for  casting;  but  where  coke  is  em- 
ployed, various  precautions  are  necessary  to  be  observed  in  order 
to  obtain  satisfactory  results.  In  this  case  both  the  ore  and 
fuel  are  liable  to  contain  substances  prejudicial  to  the  quality  of 
the  metal,  and  it  is  therefore  necessary  to  use  a  large  proportion 
of  flux,  and  to  employ  coke  prepared  from  ooal  containing  but 
little  iron  pyrites. 

The  mould  into  which  the  melted  iron  is  poured  should  not 
only  in  every  respect  resemble  in  form  the  object  to  be  produced, 
but  also  possess  sufficient  solidity  to  admit  of  the  liquid  metal 
being  poured  into  it  without  changing  its  dimensions;  and  it 
should,  moreover,  be  sufficiently  porous  to  allow  of  the  escape  of 
the  air  contained  in  its  cavities,  as  well  as  of  the  combustible  gases 
generated  by  the  action  of  the  fused  metal  on  the  carbonaceous 
matter  present. 

The  moulds  usually  employed  by  the  iron  founder  are  made  of 
three  different  kinds  of  material ;  viz.,  1,  green  sand ;  2,  baked 
sand ;  and  3,  loam :  but  other  substances  are  sometimes  used  for 
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this  purpose  when  the  above  are  not  considered  suitable  to  the 
particular  circumstances  of  the  case. 

Monldliiff  in  «reen  8mnd. — ^The  name  of  ereen  sand  is  given  by 
founders  to  a  mixture  of  argillaceous  sand  and  pulverised  coal. 
The  former  is  employed  in  the  state  in  which  it  is  raised  from  the 
gravel-pit,  but  should  be  first  sifted  through  a  fine  wire  sieve,  and 
afterwards  intimately  mixed  with  about  one-twelfth  of  its  volume 
of  finely-powdered  coal,  and  then  slightly  moistened  with  water, 
in  order  to  enable  it  to  retain  the  exact  form  of  any  object  which 
may  be  impressed  on  it.  When  this  mixture  nas  been  once 
employed,  and  consequently  subjected  to  a  high  temperature, 
it  becomes  unfit  for  the  formation  of  fresh  moulds,  and  can  only 
be  used  for  filling  up  those  parts  of  other  moulds  which  are 
below  the  level  of  the  cavity  intended  for  the  reception  of  the 
melted  iron. 

To  mould  an  object  in  green  sand,  it  is  necessary  to  be  provided 
with  an  exact  model  of  the  article  which  is  to  be  cast.  This  may 
be  made  either  of  wood  or  metal,  but,  from  not  being  liable  to 
warp  or  shrink,  the  latter  is  generally  preferred.  Besides  the 
model,  or  pattern^  the  founder  emi)loys  a  peculiarly  constructed 
cast  iron  box,  fig.  117,  which  admits  of  being  reaoily  separated 

into  two  parts.  In  addition 
to  its  perpendicular  sides 
c,  this  box,  OT  flask,  as  it  is 
technically  called,  is,  when 
of  large  dimensions,  fre- 
quently provided  with  a 
series  of  cross  bars,  which 
support  the  sand,  and  add 
greatly  to  the  solidity  of  the 
moulo.  The  two  parts,  ▲ 
and  B,  of  the  fiask  may  be 
easily  separated  from  each 
other,  being  merely  held 
together  by  the  pins  a,  and  the  corresponding  holes  6,  which  serve 
not  only  to  keep  the  two  halves  always  in  the  same  relative  position 
with  regard  to  each  other,  but  also  afford  the  means  of  firmly 
joining,  by  the  aid  of  suitable  keys,  the  two  portions  of  the  iron 
box. 

In  order  to  obtain  the  form  of  any  given  model,  the  moulder 
places  the  part  b  of  the  flask  on  a  platform  on  the  level  of  the  foun- 
dry floor,  and  having  inverted  it  so  that  the  cross  bars,  when  there 
are  any,  may  be  uppermost,  he  fills  it  with  sand,  which  he  forces, 
by  the  aid  of  a  rammer,  through  the  spaces  left  between  them.  When 
this  has  been  done,  the  half  box  is  again  turned,  and  as  the  sand 
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with  wbicli  it  is  filled,  and  whicli  is  retained  in  its  place  by  friction 
against  the  sides  and  bars,  has  been  strongly  pressed  against  a 
smooth  surface,  it  will  necessarily  itself  take  the  same  form.  The 
workman  now  takes  the  pattern  e,  from  which  the  casting  is  to  be 
made,  and  after  having  scraped  a  cavity  roughly  resembling  the 
object  to  be  moulded  in  the  smooth  surface  of  the  sand,  the  model 
is  as  nearly  as  possible  imbedded  to  one-half  its  thickness.  The 
whole  is  now  slightly  sprinkled  either  with  charcoal  dust  or  fine 
sand. 

This  is  done  by  shaking  a  ba^  of  coarse  canvas  contaLuing  one 
of  these  substances  in  a  fineljr  divided  state  over  the  top  of  the 
flask,  and  the  powder  which  is  thus  deposited  on  the  surfiEUse  of 
the  model  and  sand  in  which  it  is  imbedded,  is  found  to  prevent 
the  adhesion  of  the  two  parts  of  the  mould  in  the  next  operation. 
The  part  ▲  of  the  box  is  afterwards  lifted  in  its  place,  and  is  main- 
tained in  its  position  by  the  pins  a  entering  into  the  holes  b 
of  the  part  b.  The  upper  frame  is  now  filled  with  sand,  which 
is  well  and  carefully  ranuned  down,  and  as  soon  as  this  is  ac- 
complished, the  box  is  turned,  so  that  the  frame  a.  is  placed 
under,  and  the  part  b  is  cautiously  lifted  in  a  vertical  direction, 
and  the  two  h^ves  are  again  separated.  The  lower  half  ▲  will 
now  contain  the  pattern  just  hair  imbedded  in  the  sand,  which  is 
generally  found  to  fit  very  closely  around  its  sides.  As,  however, 
perfect  contact  in  all  its  parts  is  seldom  thus  obtained,  the  moulder 
consolidates  the  sand  in  the  immediate  neighbourhood  of  the 
mould  by  first  squeezing  water  on  it  from  a  wet  rag,  and  aftei^ 
wards  pressing  it  down  with  a  small  troweL  When  this  has  been 
done,  the  support  of  sand  prepared  in  the  first  operation  is  de- 
stroyed, and  the  flask  and  its  contents  will  present  the  appearance 
represented  in  the  woodcut.  At  this  stage  of  the  operation,  the 
psut  B  of  the  box  is  again  replaced,  and  after  the  surfitce  of  the 
sand  contained  in  the  lower  half  Abas  been  again  dusted  to  prevent 
adhesion,  the  upper  part  is  fiilled  up  with  sand  well  rammed  in 
as  before  described. 

In  order  to  make  the  model  separate  readily  trorxi  the  sand  in 
which  it  is  imbedded,  it  is  necessary  to  give  it  a  few  sentle  taps 
with  some  hard  body,  as,  if  this  precaution  were  neglected,  the 
mould,  on  the  removal  of  the  pattern,  would  present  a  ragged 
appearance  from  having  adhered  in  some  places  to  the  model 
around  which  it  has  been  pressed.  To  effect  this,  two  or  more 
strong  wires  are  driven  into  the  model  before  filling  the  upper 
part  of  the  flask,  and  as  these  project  from  between  the  bars 
to  a  certain  distance  beyond  the  back  of  the  box,  the  pattern 
may  be  readily  loosened  from  the  suiiounding  sand  by  tappmg  the 
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projecting  ends  with  a  small  hammer.  When  the  enclosed  model 
18  made  of  metal,  these  wires  are  screwed  into  holes  prepared  for 
that  pur{)ose,  instead  of  being  driven,  as  is  the  case  when  a  softer 
material  is  employed.  After  having  thus  guarded  against  the 
adhesion  of  the  mould  to  the  pattern,  the  wires  are  removed  either 
bv  being  unscrewed,  or  by  being  drawn  perpendicularly  out,  and 
tne  moulder  raises  the  upper  half  of  the  flask,  taking  the  pre- 
caution to  keep  it  in  a  siaictly  vertical  position.  When  this  has 
been  done,  it  is  placed  on  the  ^oor  of  the  foundry  with  the  moulded 
eur&ce  upwards,  and  after  removiofi;  with  the  same  precautions 
the  model  firom  the  part  jl,  any  alimt  imperfections  m  the  imp 
pression  are  carefully  repaired  by  we  use  of  a  little  moistened 
sand,  which  is  appbed  with  iron  trowels  of  various  shapes  and 
dimensions.  If  the  two  parts  of  the  flask  be  now  joined  by  means 
of  the  projecting  pins  sod  their  correi^ndii]^  holes,  it  will  evi* 
dently  contain  a  cavity  exactlv  corresponding  in  form  to  the 
object  to  be  produced  in  metal ;  but  before  the  casting  can  be 
4Mtually  commenced,  it  is  necessary  to  prepare  proper  openings 
for  the  introducticm  of  the  liquid  metal  and  the  escape  of  the 
enclosed  air  as  well  as  the  vapours  generated  during  the  operation. 
If  but  one  aperture  were  employed  to  eflect  these  two  objects, 
the  air  could  only  make  its  escape  through  the  same  opening  by 
which  the  molten  metal  is  introduced,  and  the  castmg  would 
consequently  be  subject  to  imperfections  from  portions  of  the 
former  being  retained  in  the  mould.  The  vapours  would  also 
Aot  have  proper  &cilities  for  escape,  and  violent  and  dan^rous 
explosions  would  be  liable  to  ensue.  To  obviate  these  incon- 
veniences, at  least  two  orifices  are  made  in  every  mould,  into  one 
of  which  the  melted  metal  is  poured,  whilst  l^e  gases  and  vapours 
evolved  from  the  sand  find  vent  through  the  other.  In  oraer.  to 
faeihtate  the  escape  of  these,  the  sand  itself  is  rendered  porous  by 
bein^  pierced  b^  the  aid  of  a  wire  with  numerous  small  ndes,  ex- 
tendmg  to  within  about  an  inch  of  the  surfiice  of  the  mould. 

After  preparing  these  ffates,  or  openings,  and  carefully  mak- 
ing gooa  with  ms  trowel  mj  imperfed^ons  arising  from  the 
adObesion  of  sand  to  the  pattern,  tne  founder  findy  dusts  with 
sand  or  charcoal  by  the  method  already  describe^  the  whole 
interior  of  the  caviiy ,  and  then  smooths  its  surfisuse  with  a  polished 
trowel. 

The  two  parts  of  the  mould  are  now  joined,  and,  after  fastening 
the  flask  together  with  proper  keys  through  the  pins  a^  the 
casting  may  at  once  be  proceeded  with.  When  the  pieces  to 
be  cast  are  very  heavy,  the  flasks  are,  in  the  majority  of  cases, 
moved  by  a  cranfii  and  if  thjs  patterns  are  large,  they  are  withdrawn 
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firofli  tbe  sands  hf  the  joint  efforts  of  seTeral  men,  who,  with  one 
hand,  lift  the  model  hj  hokUng  iirax  loops  temporanlj  screwed 
into  it,  whilst  with  the  other  they  tap  it  to  prevent  any  portbna 
of  aand  from  heeoming  attached.  When  the  fonn  of  a  casting  is 
reiy  complicated,  it  is  sometimes  found  neoessary  to  join  togewer 
two  or  more  flasks  in  order  to  obtain  the  required  mould ;  and  in 
eases  where  the  thidmess  of  metal  is  small,  sereral  gates  are  em- 
ployed, as  otherwise  the  metal  would  become  eooled  before  reach-^ 
ing  the  more  distant  parts  of  the  mould. 

Monldlny  In  Used  or  Baked  SmiUl. — ^The  mechanical  processes 
tom]^lojed  in  the  preparation  of  moulds  in  baked  sand  are  precisely 
similar  to  those  used  in  the  operation  abore  described.  When  a 
great  weight  of  metal  is  cast  into  moulds  made  of  this  msEteiial,  it 
is,  however,  found  necessary  to  take  precautions  to  preyeni  their 
being  destroyed  by  the  {oessure  to  whidi  they  are  subjected,  as 
this  substance  being  less  Innding  in  its  nature  than  green  sand,  is 
not  BO  well  adapted  for  resisting  the  pressure  occasioned  by  the 
introduction  oi  the  fused  metaL  To  guard  against  this  difficulty^ 
.whenever  used  sand  is  employed,  the  bottoms  of  the  flasks  are 
generally  dosed  by  iron  plaites  firmly  attached  to  the  cross  bars  by 
means  of  damps.  These  plates  amnit  of  being  readily  removed 
at  tiie  dose  of  the  operation,  and  are  perforated  with  numerous 
small  holes  for  the  esci^  of  the  gases  evolved. 

Baked  sand  is,  in  the  mmori^  of  cases,  used  without  ai^  ad* 
mixture  of  coal  dust;  and,  aner  tike  completion  of  the  mould,  it  is 
at  once  removed  to  »  kind  of  oven,  or  drymg-kiln,  where  it  remains 
until  the  moisture  is  entirdy  removed,  when  the  metal  is  run  in 
^whilst  the  sand  is  still  hot  Castings  made  in  this  way  are  gene* 
rally  less  liable  to  imperfections  and  air-holes  than  those  prepared 
in  ordinaiv  green  sand,  as,  from  the  porous  nature  of  the  material, 
the  gases  have  greater  fisM^ty  for  escapiog ;  and  as  the  mould  is 
kiln-dried  before  the  introduction  of  the  metal,  there  is  less  chance 
of  its  becoming  chOled  than  by  the  method  above  described.  In 
all  these  manipulations  the  success  of  the  several  operations  must, 
however,  in  a  great  measure  depend  on  the  skill  and  discrimi- 
nation of  the  moulder,  who  should  not  only  produce  in  the  sand 
the  exact  countopart  of  the  object  to  be  made^  but^  by  a  iudidous 
mixture  of  his  materials,  so  adjust  his  moulds  that  they  may 
possess  a  considerable  degree  of  tenadty,  and  also,  at  the  same 
time,  be  suffidently  porous  to  admit  of  the  escape  of  the  ^ases 
which  are  always  generated  on  the  introduction  'of  the  hquid 
metaL 

When  the  object  to  be  cast  is  hollow,  the  outer  snr&ces  are 
obtained  in  sand  as  above  described,  and  the  inteEicv  caiviiy  pro* 
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duced  by  suspending  in  the  proper  position,  by  wires  or  othet 
contriyances,  an  exact  model  of  the  yacaney  which  is  required  to 
be  produced.  This  model,  or  core^  is  generally  made  either  of 
clay  t)r  loam,  and,  when  of  large  dimensions,  is  suj^ported  by  an 
iron  centre,  and  rendered  more  tenacious  by  the  addition  of  chopped 
hay,  or  some  other  cheap  filamentary  materiaL 
•  Monldliiff  in  i«omm. — Moulds  of  this  kind  are  made  directly 
from  drawings  of  the  objects  to  be  produced,  as,  from  the  nature 
of  the  material  employed,  the  use  of  patterns  becomes  unnecech 


be  mould  is  formed  from  a  mixture  of  clay,  water,  sand,  and 
<cow-hair,  which,  after  haying  been  reduced  to  the  state  of  a  hard 
paste,  and  thoroughly  kneaded  in  a  loam-mill  or  pug-tub,  is,  by 
the  use  of  proper  instruments,  made  to  assume  the  form  required. 
The  proportions  of  the  yarious  ingredients  are  changed  so  as  to 
suit  the  different  purposes  to  which  the  loam  is  to  be  applied,  and 
when  a  yery  light  Kind  is  required  a  little  chopped  straw,  or  horse- 
dung,  is  usually  added.  This  method  of  castii^  is  chiefly  employed 
for  we  manu&cture  of  hollow  yessels,  such  as  boilers,  sugar-pans, 
and  lead  pots,  in  which  the  thickness  of  the  metal  is  yery  incon* 
siderable  when  compared  with  the  other  dimensions  of  the  casting. 
The  preparation  of  loam  moulds  is,  in  many  instances,  a  oompli* 
cafcea  operation,  as  the  workman  has  frequently  to  model  a  coik* 
siderable  portion  of  his  work  without  any  sort  of  guide,  except  his 
own  correctness  of  eye,  b^r  which  to  regulate  his  tools. 

When,  howeyer,  the  object  to  be  mi^e  is  so  formed  as  to  admit 
of  being  produced  by  the  revolution  of  a  moyeable  arm  or  scraper, 
as  shown  in  figs.  118  and  119,  the  work  becomes  much  simplified. 


118. 


119. 


as  the  mould  may  be  in  this  w^  readily  traced  by  the  surfaces  ot 
reyolution  obtained  from  two  different  arms. 
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'  In  order  to  produce  a  yessel  of  the  form  shewn  in  fig.  120,  which 
represents  an  ordinary  lead  melting-pot,  a 
flat  cast  iron  ring,  a  a,  fig.  118,  is  first  laid  in 
a  truly  horizontal  position  on  the  floor  of  the 
casting  house.  On  this  the  workman  builds 
a  hoUow  brick  dome,  5,  approaching  in 
some  measure  to  the  form  of  the  internal 
surfiM»  of  the  object  to  be  moulded,  and  on  1^* 

it  a  thick  coating  of  prepared  loam  is  subsequently  spread  by  a 
trowel.  When  this  has  Deen  done,  its  surface  is  again  covered  ta 
the  thickness  of  about  an  inch  with  another  stratum  of  loam,  which, 
firom  having  been  sifted  through  a  fine  sieve  before  mixing,  is 
much  finer  and  closer  in  its  texture  than  that  employed  to  cover 
the  brickwork  above  described.  The  board  e,  so  shaped  as  to 
exactly  represent  the  curve  of  the  internal  surface  of  the  pan,  is 
now  attached  to  the  vertical  axis  cf,  which  is  retained  in  its  proper 
position  by  entering  a  hole  in  the  bar  e,  whilst  it  rests  at  e'  in  a 
cross  bar  of  iron  passing  through  the  diameter  of  the  metallic  ring 
which  forms  the  foundation  of  the  brick  dome.  This  arrangement 
after  having  been  adjusted  so  that  the  rod  d  is  trulv  verti^  will, 
on  causing  the  arm  c  to  revolve  on  its  axis,  produce  a  surface 
of  revolution  exactly  corresponding  to  the  internal  surface  of  the 
vessel  which  is  to  be  obtained. 

Bv  this  means,  then,  the  redundant  day  applied  to  the  suifiace 
of  the  dome  is  scraped  ofi^  and  an  exact  momd  of  the  interior  of 
the  pan  readily  formed.  At  this  stage  of  the  operation,  some 
small  coal  which  during  the  building  of  the  brick  dome,  5,  has 
been  introduced  into  the  cavity,  h\  is  ignited  by  means  of  open* 
ings  left  under  the  cast-iron  ring,  a  a,  which  serve  the  double 
purpose  of  chimnies  for  the  escape  of  the  smoke,  and  also  of  air- 
holes by  which  the  fire  receives  its  draught.  The  combustion  of 
the  oofu  must,  however,  be  conducted  very  slowly,  as  the  loam 
would  otherwise  be  liable  to  crack,  and  render  the  mould  useless. 
The  activity  of  the  combustion  is  regulated  by  opening  or  dosing 
the  draught-holes  left  under  the  iron  ring,  which,  bemg  formed 
in  sand,  are  readily  so  adjusted  as  to  admit  no  more  than  the 
required  amount  oi  air.  As  the  surface  of  the  mould  begins  to 
dr^,  it  is  thickly  painted  over  with  charcoal-dust  and  day,  so 
mixed  with  water  as  to  admit  of  being  readily  applied  with  a  brush. 
This  is  done  to  prevent  the  adhesion  of  the  second  layer  of  loam 
which  is  now  to  be  applied.  As  soon  as  the  surface  has  been 
Buffidently  coated  with  the  mixture  above  named,  a  second  layer 
of  loam  IS  applied  over  the  whole  surface  of  the  mould,  the 
thickness  being  regulated  by  that  of  the  casting  to  be  manu- 
factured. The  boara,  e,  is  now  removed  from  the  spindle,  «?,  and 
4motiier,  e\  fig.  119,  attadied  to  it,  of  which  the  surfiioe^ooiTesponds 
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to  the  other  nde  of  the  object  to  be  produced.  B7  again  turning 
the  spindle,  dj  with  this  second  form  attached,  another  surface  of 
revolution  is  obtained ;  and,  as  the  excess  of  loam  will  be  at  the 
same  time  removed,  a  figure  is  produced  exactly  corresponding  in 
form  to  the  outer  side  of  the  object  to  be  cast.  Tne  vertical 
spindle,  d^  is  now  removed,  and  the  hole  through  which  it  passed 
into  the  brickwork  being  left  open,  serves  as  a  chimney  for  the 
smoke  and  gases  produced  by  the  combustion  of  the  coal. 

Ab  soon  as  this  new  surfiice  begins  to  dry,  it  is,  like  the  former 
one,  thickly  painted  over  with  a  mixture  of  dav  and  powdered 
charcoal,  in  order  to  prevent  its  adherence  to  the  third  coating 
which  is  now  to  be  iqiplied.  Another  cast-iron  ring,  similar  to 
the  one  before  described^  but  without  any  cross  bar,  is  then  laid 
down  and  adjusted  to  the  former  bv  the  aid  of  pin-poinfcs.  The 
surface  obtained  by  the  revolution  01  the  last  model  is  now  covered 
by  hand  with  a  stratum  of  about  two  inches  of  fine  loam,  which, 
after  being  well  kneaded  together  and  smoothed  over,  is  again 
covered  witii  a  dome  of  solid  masonry,  which  rests  on  the  second 
iron  ring.  After  this  is  completed,  a  small  hole  is  made  through 
its  centre  for  the  passage  of  the  escaping  gases,  and  the  fire  is 
kept  up  until  the  whole  mass  has  become  completely  dry,  when 
chams  are  adapted  to  bolt-holes  perforated  in  the  second  annular 
plate,  which,  together  with  the  dome  of  masonry  which  it  supports^ 
u  carefully  lifted  ofil  The  convex  surfiice,  which  is  now  laid  bare, 
and  corresponds  to  the  outside  of  the  casting  to  be  formed,  has,  on 
account  of^he  thin  coating  of  clay  and  charcoal,  separated  readily 
from  the  dome  lifted  off  on  the  second  rine ;  and,  as  a  simOiur 
stratum  of  the  same  substance  is  interposed  between  its  oth^ 
surfiM^  and  that  representing  the  inside  of  the  pot,  it  follows  that 
the  thin  coating  correspondmg  to  the  thickness  of  the  metal  in 
the  casting  may  readily  be  removed  without  injury  to  the  two 
eurfiaces  by  which  it  is  bounded.  This  thin  coating  of  loam  is 
then  carefully  broken  away,  and,  after  stopping  the  hole  left  by 
the  spindle,  tf,  and  repairinff  an^  slight  imperfections  which  may 
occur,  the  dome  is  again  lifted  in  its  place,  and  the  liquid  metal 
poured  in  through  an  opening  left  in  the  brickwork  for  that 

i>urpoBe.  In  this  case,  as  well  as  when  sand  is  employed,  it  is 
bund  necessary  to  leave  proper  apertures  for  the  escape  of  the 
enclosed  air  and  gases. 

When  castings  with  particularly  hard  surfaces  are  required,  me* 
tallic  moulds  are  sometimes  employed,.a8  from  the  rapidity  with 
which  these  lose  their  heat,  the  iron  poured  into  them  is  found 
exterioriy  to  acquire  a  peculiar  hardness. 

•eeontf  i^MJaw  sf  Cast  ir^n. — ^The  iron  employed  for  cast* 
ing  by  second  flnian  should  contain  a  considemue  amount  of 
carbon,  as,  from  the  cimimstanoe  of  a  portion  of  this  substance 
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being  oxidised  during  each  operation,  the  metal  would  otherwise 
become  very  difficult  to  fuse,  and  be  liable  to  obstruct  the  furnace 
in  which  the  second  melting  is  effected. 

For  melting  cast  iron,  a  small  blast  furnace,  called  a  cupola,  is 
employed.  These  cupolas  vary  in  size  according  to  the  quantities 
of  metal  they  are  destined  to  melt  at  one  time,  but  the  same 
principles  of  construction  are  in  all  cases  inyariably  observed. 
The  furnace  consists  of  an  iron  casing,  internally  lined  with  argil- 
laceous sand,  and  is  supplied  with  air  by  one  or  more  tuyeres 
connected  with  a  rapidly  revolving  fan. 

In  the  older  cupolas,  the  exterior  metallic  casing  was  formed  of 
cast  iron  slabs  lx)und  closely  together  by  strong  wrought  iron 
bands,  and  in  this  case  the  furnace  presented  the  appearance  of  an 
octagonal  prism  placed  perpendicularly  on  a  strong  foundation  of 
brickwork.  In  the  newer  furnaces,  however,  the  form  is  usually 
cylindrical,  as  the  casing  is  now  made  of  thick  sheets  of  iron, 
firmly  united  by  strong  rivets  similar  to  those  employed  in  the 
construction  of  steam-boilers.  A  convenient  furnace  oi  this  kind 
is  represented  in  the  annexed  woodcuts,  of  which  fig.  121  shows  a 
back  elevation,  andfig.122 


a  front  view.  The 
of  brickwork,  ▲,  is  ele- 
vated about  two  feet  from 
the  floor  of  the  casting- 
shop,  and  on  the  top  of 
this  is  firmly  bedded  a 
strong  cast  iron  plate,  b, 
which  serves  for  the 
foundation  of  the  furnace. 
The  cylinder,  c,  forming 
the  body  of  the  cupola,  is 
thickly  lined  on  the  in- 
aide  with  fire-clay,  and  is 
surmounted  b^  a  conical 
hood,  D,  of  thmner  iron, 
which  is  connected  with 
an  external  chimney,  and 
carries  off  the  smoke 
evolved  from  the  appa- 
ratus when  in  action. 
The  hole,  x,  is  used  for 
drawing  off  the  fused 
metal  into  moulds  prepared  for  its  reception^  and  is  provided 
with  a  small  iron  gutter,  s',  for  the  purpose  of  guiding  the  stream 
of  molten  iron  in  a  proper  direction.     The  aperture,    in  the 
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hood  Ib  employed  for  the  introduction  of  the  coke  andpig-ircni 
with  which  the  cupohi  ia  at  regular  intervals  supplied.  The  three 
openings,  &,  which  are  resp^tivelj  six  inches  in  diameter,  are 
for  the  reception  of  the  tuyeres  bj  which  the  blast  is  supplied. 

The  lining  of  the  furnace  is  conducted  as  follows : — ^Afber  havmg' 
ooyered  the  bottom  to  the  thickness  of  six  or  eight  inches  with 
a  la^er  of  argiUaceous  sand^  which  is  slightly  sloped  towards  the 
orifice  of  discharge,  a  wooden  cylinder  of  the  whole  length  of  the 
cupola^  and  of  a  diameter  a  little  less  than  the  opening  of  the 
throat,  is  set  upright  in  the  aads  of  the  metallic  casing.  Fine 
sand,  containing  a  certain  proportion  of  argillaceous  matter,  is  now 
Tammed  tightly  into  the  annular  cavity  which  exists  between  the 
wooden  cvunder  and  the  sides  of  the  furnace,  and,  when  this  is 
entirely  mled,  the  core  is  removed,  and  the  sandy  hmng  cut  away, 
BO  as  to  make  the  diameter  of  the  furnace  a  little  greater  at 
bottom  than  at  the  upper  part. 

When  the  fire  is  lighted,  a  little  wood  is  placed  in  the  bottom  of 
the  furnace,  and  ignited  by  the  aperture,  B,  which  is  left  open  for 
that  purpose,  and,  when  the  coke  which  has  been  subsequently 
added  has  become  sufficiently  infiamed,  the  blast  is  gradually 
applied.  At  this  period  the  fiame  escapes  both  by  the  tunnel-hofe 
and  also  by  the  openinj^,  b,  which,  being  lined  after  each  day's 
work  with  a  fresh  coating  of  argillaceous  sand,  becomes  much 
consolidated  by  this  means.  At  the  expiration  of  about  a  quarter 
of  an  hour,  the  orifice,  b,  is  closed  by  a  plug  of  moist  clay,  which 
is  applied  by  a  wooden  rod  provided  with  an  iron  disc  at  one  of 
its  extremities,  on  which  the  lump  of  soft  day  is  stuck.  When 
the  furnace  is  required  to  contain  a  large  body  of  melted  metal, 
the  day  stopping  would  not  be  of  itself  suffidentlv  secure,  and  in 
this  case  it  is  supported  by  a  plate  of  iron  firmly  fixed  against  the 
outside  of  the  aperture. 

When  the  furnace  is  first  lighted,  the  apertures,  o,  are  all 
kept  open ;  the  blast  is  first  admitted  through  that  which  is 
nearest  the  ground,  but,  as  the  mdted  metal  accumulates  in  the 
bottom,  the  lower  holes  are  successively  closed,  and  the  blast  is,  at 
the  close  of  the  operation,  only  admitted  through  that  placed 
highest  in  the  series.  Besides  the  openings  shown  in  the  bade  of 
the  furnace,  the  same  cupola  has  uequently  two  corresponding 
sets  in  the  opposite  sides,  so  that  three  distinct  jets  of  air  are 
often  in  the  larger  furnaces  employed  at  the  same  time.  In 
the  cupola  which  has  been  chosen  as  an  illustration,  and  which  is 
capable  of  fusing  about  five  tons  of  metal  at  one  time,  the  total 
height  of  the  body,  o,  is  9  feet,  and  its  external  diameter  6  feet. 
The  coating  of  argillaceous  sand  will  in  this  furnace  be  about 
9  inches  in  thickness,  which  consequently  leaves  8  feet  6  inchea 
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M  its  internal  diameter.  The  distance  of  the  first  tuyere  hole 
from  the  base  of  the  cylinder  is  2  feet  6  inches,  whilst  tne  others 
aze  placed  at  a  distance  of  15  inches  apart.  The  great  height  of 
the  first  orifice  is  partly  for  the  purpose  of  allowing  for  the  sandy 
lining  of  the  bottom,  and  partially,  in  order  to  a£nit  of  a  consi- 
derable accumulation  of  msed  metal  taking  place  preyious  to 
raising  the  nozzle  of  the  blast-pipe.  The  lining  of  a  furnace  lasts 
from  fiye  to  six  weeks,  during  which  time  about  thirty  meltings 
aze  made. 

When  the  argillaceous  coating  has  become  much  acted  on,  the 
furnace  is  allowed  to  cool,  and  is  afterwards  relined  by  the  method 
aboye  described.  The  diameter  of  the  nozzles  yaries  from  8  to 
5  inches,  and  the  yanes  of  the  fan  which  supplies  the  air  make 
from  650  to  700  reyolutions  per  minute.  When  the  apparatus  is 
first  lighted,  no  metal  ia  thrown  into  it  until  a  considerable  accu- 
mulation of  ignited  coke  has  taken  place  in  the  bottom.  Coke 
and  pig  iron  are  then  ultimately  charged  in  the  proportion  of 
about  25  of  the  former  for  eyery  100  parts  of  the  latter.  The  iron 
must,  before  its  introduction  into  the  furnace,  be  broken  into 
pieces  yaryin^  from  14  lbs.  to  28  lbs.  in  weight,  and  the  first 
charffe  generaUy  begios  to  melt  in  about  twenty  minutes  after  it 
has  been  thrown  in.  The  successiye  charges  are  subsequently 
made  at  intervals  of  from  ten  to  fifteen  minutes,  but  this  is  more 
or  less  infiuenced  by  the  dimensions  of  the  apparatus  and  the 
quality  of  the  metal  which  is  being  fused.  Wnen  the  fusion  is 
complete,  the  clay  plug  is  pierced  with  a  pointed  iron  bar.  The 
molten  metal  is  transferred  crom  the  cupola  to  the  moulds  by  two 
different  methods.  For  laree  and  heavy  castings,  the  moulds 
are  often  sunk  in  the  floor  of  the  workshop,  and  commonly  placed 
near  the  cupola,  and  it  is  therefore  usual  to  conduct  the  liquid 
iron  directly  from  the  furnace  by  means  of  channels  formed  in 
sand.  When,  on  the  contrary,  the  castings  are  small,  and  the 
moulds  situated  at  a  consideraole  distance  from  the  melted  iron, 
it  is  drawn  into  large  ladles  of  the  form  represented  by  fig.  128, 
which  are  lined  with  a  siliceous 

lute,  and  carried  by  the  founders        *°=^ ^ — 

to  the  place  where  they  have  pre-      '  ^'^^^^ 

pared  the  moulds  to  be  filled  with  128. 

metal.  During  the  iatervals  which  occur  between  the  successive 
castings,  the  tap-hole  is  closed  by  a  plug  of  damp  clay.  When  a 
heavy  casting  is  to  be  made  at  a  considerable  distance  from  the 
melting  furnace,  larger  kdles  of  the  kind  above  described  are 
employed,  and  these  are  lifted  and  carried  to  the  place  of  their 
destination  by  means  of  cranes  or  other  machinery  adapted  for 
that  purpose. 
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Brery  caatmg  requires  considerably  more  melted  metal  than  is* 
necessary  to  fill  the  mould.  This  excess  goes  to  form  the  gates, 
false  seams,  Ac,  which  are  removed  after  the  cooling  of  the  iron, 
and  before  the  castings  are  sent  out  of  the  foundry.  Besides  this 
there  is  always  an  actual  waste  of  about  6  per  cent,  of  the  whole 
metal  employed ;  so  that,  after  deducting  all  these  several  times, 
each  cwt.  of  coke  thrown  into  the  furnace  is  found  to  melt  about 
8  cwts.  of  ordinary  pig  iron. 

The  nozzles  o^  tne  tuyeres  are  made  so  as  to  admit  of  being- 
easily  raised  or  lowered,  so  as  to  blow  into  the  various  holes  in 
the  sides  of  the  furnace,  and  for  this  purpose  they  are  connected 
with  the  air-pipe  either  by  leathern  hose,  or,  what  is  a  much  better 
arrangement,  by  telescope  joints.  The  main  is  also  provided  with 
a  slidmg  damper  or  throttle-valve  which  is  placed  in  some  con- 
venient position  in  the  neighbourhood  of  the  tuyeres,  and  by  this 
the  founaer  is  enabled  to  intercept  the  blast  at  any  given  moment 
without  stopj^ing  the  ventilator  h^  which  it  is  produced.  To 
drive  a  revolvmg  fan  of  the  dimensions  proper  for  furnishing  the 
necessary  supply  of  air  for  such  a  furnace  as  that  which  has  been 
described,  a  power  about  equal  to  the  force  of  three  horses  will  be 
required. 

HAKITTACTimE  OP  WBOUOHT  IBOIT. 

In  order  to  transform  cast  iron  into  wrought,  it  is  necessaiy  to 
separate  from  it  the  carbon  and  silicium  with  which  it  is  combined. 
To  effect  this  object,  the  metal  is  exposed  for  a  considerable  period 
to  the  action  of  oxidising  influences,  by  which  the  carbon  is 
converted  into  carbonic  acid,  which  escapes  in  the  gaseous  form, 
whilst  the  resulting  silica  unites  with  oxide  of  iron,  giving  rise 
to  the  formation  of  vitreous  slags.  Cast  iron  also  frequently  con- 
tains small  portions  of  sulphur  and  phosphorus,  which  require  to 
be  carefully  removed  during  the  process  of  refining,  as  their  pre- 
sence in  the  wrought  iron  produced  would  materially  affect  its 
properties,  and,  if  occurring  m  large  quantities,  render  it  entirely 
useless.  The  separation  of  these  suDstances  from  cast  iron  is, 
however,  attended  with  very  great  difficulty,  and  it  is  therefore 
advisable  to  avoid  as  far  as  possible  their  occurrence  in  the 
rough  metal.  When  the  presence  of  sulphur  is  due  to  the  nature 
of  the  mineral  treated,  it  is  readily  removed  by  a  careful  roasting 
previous  to  the  introduction  of  the  ore  into  the  furnace.  But  if,  on 
the  contrary,  the  sulphur  be  derived  from  the  fuel,  as  is  frequently 
the  case  when  coke  made  fr^m  coal  containing  iron  pyrites  is  em- 
ployedy  it  becomes  necessary  to  charee  into  the  furnace  large 
quantities  of  carbonate  of  lime,  which  determine  the  eliminati<m 
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of  this  impurity  in  the  slags  in  the  form  of  sulphuret  of  calcium. 
Similar  means  are  also  employed  for  the  remoral  of  phosphorus, 
the  presence  of  which  is  even  more  prejudicial  to  the  manufactured 
iron  than  an  eouivalent  amount  of  sulphur.  When  ores  ccmtain 
any  considerable  qpmtity  of  either  of  tnese  substances,  it  is  found 
impossible  to  obtam  from  them  iron  of  good  quality. 

When  a  furnace  only  supplies  iron  destinea  for  conrersion  into 
malleable  metal,  it  is  usually  worked  in  such  a  way  as  to  yield 
cast  iron  of  the  white  variety,  which,  from  the  smiJl  amount  of 
carbon  which  it  contains,  is  peculiarly  adapted  for  this  purpose. 
To  obtain  this  result,  the  weight  of  mineral  charged  should  be 
large  in  proportion  to  the  quantity  of  fuel  used,  and  the  blast* 
requires  to  be  forced  into  the  hearth  at  a  hi^h  pressure,  so  as 
to  determine  the  rapid  descent  of  the  ore.  It  is,  however,  neces- 
sary that  the  minerals  thus  treated  be  of  good  quality,  and  tolera- 
bly free  from  impurities,  as  otherwise  an  inferior  kind  of  cast  iron, 
quite  unfit  to  be  manufactured  into  bars,  will  be  obtained. 

When  cast  iron  is  strongly  heated  in  contact  with  air,  its  sur- 
iace  soon  becomes  covered  ^ith  a  layer  of  oxide.  By  degrees  this 
oxide  again  reacts  on  the  interior  portions  of  the  mass:  the 
carbon  which  it  contains  reduces  the  oxide  first  formed,  metallic' 
iron  is  produced,  and  carbonic  oxide  ^  is  evolved.  A  similar 
reduction  is  also  effected  by  the  sUicium  present,  which  is  thus 
converted  into  silicic  acid,  and,  by  combining  with  a  portion  of  un- 
reduced oxide,  gives  rise  to  the  formation  of  a  fusible  silicate  of 
iron.  The  composition  of  this  silicate  varies  according  to  the 
relative  amounts  of  oxide  of  iron  and  silicic  add  present,  but 
usually  assumes  the  formula  3  FeO,  SiO,,  which  appears  to  be  the 
most  stable  of  the  compounds  produced.  K,  in  fact,  a  more  basic 
silicate  than  this,  such  as  6  FeO,  SiOs,  for  instance,  be  heated  in 
contact  with  cast  iron,  a  portion  of  the  oxide  becomes  reduced  at 
the  expense  of  the  carbon  contained  in  the  crude  metal,  and  the 
slag  is  in  a  short  time  reduced  to  the  formula  ^ven  above.  At 
very  high  temperatures  a  portion  of  the  oxide  of  iron  present  even 
in  slags  having  this  composition  becomes  reduced;  but,  as  in 
practice  the  heat  employed  is  seldom  sufficient  to  produce  this 
effect,  the  usual  composirion  may  be  assumed  to  closely  corre- 
spond to  that  above  stated. 

On  these  reactions,  then,  is  founded  the  conversion  of  cast  iron 
into  wrought.  The  iron  firsfc  becomes  oxidi^^ed :  one  portion  of 
this  oxide  is  again  reduced  by  the  carbon,  and  another  combines 
with  the  silicic  acid  formed.  These  successive  reactions  go  on 
until  the  whole  mass  is  converted  into  malleable  iron  and  fusible 
slag.  The  spongy  metal  is  afterwards  consolidated,  and  the  silicates 
exprened  by  means  shortly  to  be  .described.    The  silica  of  the 
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slag  is  not,  howeyer,  entirely  derived  from  the  silicium  contained  in 
the  original  pigs  of  iron,  as  a  large  portion  is  due  to  the  sand 
which  adheres  to  their  surfaces,  and  is  derived  from  the  moulds  in 
which  they  were  cast.  A  source  of  this  substance  may  also  be 
traced  to  the  ashes  of  the  combustible  by  the  aid  of  which  the 
refining  is  effected,  and  which  frequently  contain  a  large  per- 
centage of  siliceous  matter. 

Two  different  methods  of  conducting  the  refining  of  cast  iron 
are  extensively  employed:  the  first,  or  German  method,  is  chiefly 
confined  to  the  Hartz,  and  is  carried  on  by  the  aid  of  charcoal 
only;  whilst  for  the  second,  or  English  process,  pit  coal  is  exclu- 
sively employed. 

BEFDnara  by  ths  gebmait  fobge. 

This  operation  is  carried  on  in  a  small  frunace,  of  which  fig.  124 
represents  a  vertical  section,  and  fig.  125  the  ground  plan.  The  qua- 
diangular  hearth,  h,  is  formed  of  thick  cast-iron  plates,  which,  for 
protection  against  the  corrosive  action  of  the  slags,  are  subsequently 
coated  with  a  lining  of  fire-clay.  The  depth  of  this  crucible  is 
about  10  inches,  and  its  width  from  2  feet  to  2  feet  4  inches. 


124. 


The  blast  is  conveyed  into  the  hearth  by  the  tuyere,  f,  which 
projects  about  4  incbes  into  it^  and  is  so  inclined  that  its  axis  may 
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intersect  the  opposite  face  of  the  crucible,  on  the  line  of  its  junc- 
tion with  the  plate  forming  the  bottom  of  the  arrangement. 


1^5. 

The  tuyeres  are  composed  either  of  sheet  copper  or  baked  clay, 
and  are  of  the  form  represented  in  fig.  126'. 
In  these  are  placed  the  nozEle&of  the  wooden 
bellows,  B  b',  set  in  motion  by  a  water- 
wheel,  and  BO  arranged  as  to  afford  a  con^ 
tinual  stream  of  air.  126. 

The  moveable  lids  of  these  a^  raised*  by  cams,  c,  placed  on  the 
axle,  A  a',  of  the  wateivwheel,  and  the  too  rapid  Ml  of  the  vibrating 
segments  is  checked  by  their  being  attached  iio  the  levers,  e,  efy 
provided  with  boxes,  w  kt',  into  which  are  placed  weights  for  the 
purpose  of  regulating  the  rapidity  of  the  descent.  The  cams,  c, 
are  so  disposed  around  the  axlie  of  the  i^heel,  that  the  moveable 
half  of  one  bellows  begins  to  be  raised  at  the  same  moment  as 
that  of  the  other  is  being  released^  and  in  this  way  a  continuous 
current  of  air  is  constantlv  ke{)t  up  in  the  furnace. 

In  front  of  the  fire-place  is  a  cast'  iron  plate,  raised  on  one 
side  to  the  level  of  the  crucible  mouth,  and  on-  the  other  inclined 
to  that  of  the  refinery  floor.  An  apertiu^,  called  the  ehio  or 
floM-hole,  passes  through  the  side  of  the  furnace,  and  enters  the 
hearth  at  the  bottom  of  the  crucible :  by  this  aperture  the  fusible 
slags  are  occasionaUv  run  off.  Over  the  furnace  is  pliiced  a  hood, 
r,  which  is  made  of  Drfdkwoi*k>  and  being,  provided  with  a  chimney, 
serves  to  cany  off  the  smoke  and  gases  evolved  during  the  process 
of  refining.  To  the  sides  of  thi&  hood  are  attached  pktes  of  sheet 
iron,  for  the  purpose  of  screening  the  workmen  firom  the  intense 
heat  to  which  they  would  otherwise  be  exposed. 

In  order  to  understand  the  working  of  this  furnace,  let  us  sup- 
pose that  an  operation  has  just  been  terminated,  and  that  the  hearth 
still  contains  a  considerable  quantity  of  incandescent  charcoal. 

The  workman  begins  by  filliDg  up  the  crucible  with  fresh  fuel, 
and  then  gradually  admits  the  blast. 
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In  the  older  forges  the  supply  of  air  is  regulated  by  limiting 
the  supply  of  water  on  the  wheel  by  which  the  bellows  are  set  in 
motion,  but  in  those  of  more  recent  construction  blowing 
cylinders  are  employed,  and  in  this  case  the  blast  is  turned  on  by 
a  proper  yalve  situated  near  the  tuyeres. 

The  iron  to  be  reflned  is  cast  either  into  pigs  of  6  or  8  feet  in 
length,  or  into  small  bars  or  thin  plates.  In  the  first  case  the 
bar  is  placed  on  two  iron  rpll^s,  and  its  extremity  introduced 
into  the  middle  of  the  hearth  at  a  height  of  from  6  to  9  inches 
above  the  bottom  of  the  (nnicible.  When,  on  tha  contrary,  the 
metal  to  be  refined  has  been  oast  into  smaller  masses,  they  are 
piled  to  the  amount  of  from  3  to  3  cwt,  immediately  above  the 
charcoal  with  which  the  cavity  of  the  furnace  is  filled. 

After  a  short  time  the  metal  begin«  tp  melt,  and  passing  through 
the  cmrent  pf  air  issuing  from  the  tqyeres,  falls  to  the  bottom  of 
the  hearth.  This  period  of  fusion  ordinarily  lasts  from  three  to 
four  hours,  and  during  that  time  advantage  is  taken  of  the  intense 
heat  developed  to  weW  together,  and  form  into  bars,  the  metal 
refined  during  the  preceding  operation*  The  drops  of  melted 
iron,  in  passing  at  ^  high  temperature  through  the  air  fur- 
nished by  the  tuyeres,  become  partially  oxidised,  and  by  a  sub- 
sequent reaction  of  the  basic  silicate  of  iron  formed,  a  considerable 
portion  of  their  carbon  is  consumed, 

On  arriving  at  the  bottom  of  the  hearth,  the  iron  thus  treated 
has  become  to  a  certain  extent  decarburetted,  and  forms  a  pasty 
mass  beneath  the  layer  of  fuel  through  which  it  has  passed. 
The  slag  whipb  gradually  accumulates  in  the  furnace  is  &om  time 
to  time  ruu  off  tnrough  the  tapping  hole  before  referred  to,  care 
being  at  the  samp  time  taken  to  retain  a  sufficient  quantity  to 
carry  on  the  process  of  decarburisation. 

The  oxidatiou  of  the  iron  is  also  partially  promoted  by  bringing 
the  melting  mass  immediately  before  the  current  of  air  thrown  in 
by  the  tuyeres,  The  slag  run  off  is  preserved  for  use  in  the 
succeeding  operation, 

When  the  partially  refined  loupe  or  bloom  has  become  suffi- 
ciently rpsistant,  the  workman,  by  the  aid  of  a  long  bar  of  iron, 
rolls  it  up  in  the  form  of  a  large  ball,  and  then  raises  it  on  the 
top  of  the  fijel,  which  he  now  thrusts  down  into  the  bottom  of 
the  furnace,  Fresh  charcoal  is  at  the  same  time  added,  and  the 
pressure  of  the  blast  so  increased  that  the  mass  is  again  subjected 
to  strongly  oxidising  infiuences,  and  a  second  time  falls  in  a 
liquid  state  ou  the  bottom  of  the  hearth,  where,  from  having  now 
lost  a  considerableportion  of  its  carbon,  it  soon  forms  into  large 
spongy  masses.  The  detached  fragments  are  now  collected  with 
a  long  iron  bar,  and  united  in  one  mass.     Should  any  portions 
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appear  to  be  imperfectly  refined,  they  are  again  brought  in  a 
position  to  be  directly  acted  on  by  the  blast. 

When  the  maas  has  become  sufficiently  refined,  it  is  rolled 
into  a  large  ball,  and  removed  from  the  lumace  by  strong  iron 
levers,  by  which  it  is  first  beaten  to  remove  a  certain  portion 
of  the  adhering  slag,  and  subsequently  subjected  to  the  action  of 
a  heavy  hammer,  by  which  the  spongy  matter  is  consolidated 
and  welded  together,  whilst  the  pasty  siliceous  slag  is  at  the 
same  time  expressed  from  its  pores.  During  this  operation  the 
crucible  is  cleaned  out,  and  the  larger  proportion  of  the  slag  which 
it  contains  drawn  off;  but  a  certain  quantity  of  this  substance  is 
nevertheless  retained  in  the  frimace  to  assist  in  the  decarburiza^ 
tion  of  the  succeeding  charge  of  cast  iron.  Before  a^ain  proceed- 
ing to  charge,  it  is  frequently  found  necessary  to  cod  the  hearth 
by  the  introduction  of  water  through  the  iron  tube,  q. 

The  slag  thus  removed  is  not,  however,  thrown  away,  but, 
together  with  the  scale  produced  during  the  hammering  of  the 
mass,  is  preserved  to  be  employed  in  the  next  operation  during 
the  first  smelting  of  the  pig  uron. 

After  being  removed  trom  the  hearth,  the  loupe  is  transported 
by  means  of  heavy  tongs  to  an  anvil,  on  which  it  receives  the 
repeated  blows  of  a  heavy  hammer,  fig.  127,  set  in  motion  by  a 


water-wheel,  by  which  treatment  the  slag  becomes  completely 
expelled,  and  tne  iron  consolidated  into  the  form  of  a  lengthempd 
parallelogram. 

The  hammer  head,  h,  commonly  weighs  from  800  to  1200  lbs., 
and  is  sometimes  made  of  cast  iron,  although  wrought  iron  is 
frequently  employed,  and  in  this  case  the  hammer  is  provided  with 
a  face  of  hardened  steel. 

The  anvil,  ^  is  in  most  instances  composed  of  cast  iron,  which, 
to  give  it  greater  solidity,  rests  on  a  heavy  mass  of  the  same 
metal,  m,  supported  by  a  large  wooden  pile,  6,  firmly  fixed  in  the 
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refinery  floor:  The  wooden  beam,  A,  which  carries  the  hammer,  is 
^  ^  strengthened  by  strong  bands  of  iron,  ij,  and  is 
jjyill||^\j  supported  by  a  strong  cast  iron  ring,  a,  fig.  128,  pro- 
^HBPtB  vided.  with  Inrunnions,  6,  on  which  it  turns  when  the 
126  ^  head  of  the  hammer  is  raised.  These  trunnions  are 
supported  by  iron  bearing  fixed  in  the  wooden  supports.  Parallel 
to  the  hammer-beam,  ana  at  a  short  distance  from  it,  is  situated 
a  horizontal  axle,  b,  moved  by  a  water-wheel,  and  provided  with 
a  series  of  cams,  e,  whichyby  coming  in  contact  with  an  iron  band, 
situated  at  about  one-third  part  of  the  distance  from  the  head  to 
the  trunnion,  forming  the  centre  of  suspension,  first  lift  the  hammer 
in  the  air,  and  then  allow  it  to  fall  with  its  whole  weight  on  the 
anvil,  A,  which  is  beneath  it..  To  accelerate  the  fall  of  ^e  hammer 
when  lifted  to  its  full  height,,  it  is  made  to  come  in  contact  with 
a  long  piece  of  elastic  wood,  which  acts  as  a  spring,  and,  by 
causing  the  rapid  descent  of  the  hammer,  prevents  the  falling 
beam  &om  commg  in  contact  with  the  cam  wnich  is  next  in  the 
series..  The  extreme  sange  of  the  hammer,  or  the  height  to  which 
it  is  raised  from  the  anvil  at  each  blow,^  varies  from  2  feet  to 
2  feet  6  inches. 

When  the  working  of  a  piece  of  iron  has  been,  completed,  the 
hammeiris  propped  up  to  the  fuU  height  of  its  rise  by  a  wooden 
support,  which  is  removed  as  soon  as  the  succeeding  loupe  has,  by 
means  of  proper  tongs,  been,  placed  on  the  anvil.  At  first 
the  water-wheel  is  made  to  revolve  very  slowly,  and  conse- 
quently a  considerable  interval  occurs  between  each  blow  of  the 
hammer;  but  by  degrees  a  more  plentiful  supply  of  water  is 
admitted,,  and  the  hammer  soon  attains  its  maximum  speed,  which 
is  continued  to  the  end  of  the  operation.  Whilbt  the  loupe  is 
being  worked  on  the  anvil,  it  is  so  turned  by  the  workmen  that 
aE  its  sides  may  successively  become  exposed  to  the  hammer ;  and 
by  this  means  the  slag  is  rapidly  expelled  from  the  spongy  metal, 
which  is  speedily  formed  into  an  elongated  prism,  of  which  the 
various  parts  have  become  firmly  welded  together.  This  is  again 
subdivided,,  by  a  cutter,  into  tliee  or  four  fragments  or  lopins^ 
which  are  placed  above  the  loupe  formed  in  the  next  operation, 
and  when  sufficiently  heated  are  drawn  into  bars,  under  a  ham«' 
mer  especially  adapted  for  that  purpose.  The  mass  is  divided 
by  means  of  a  kind  of  knife,  placed  on  it  whilst  under  the  larg^ 
hammer,  and  which  in  its  fall  strikes  the  back  of  the  cutter,  which 
is  thus  made  to  divide  the  iron. 

The  hammer  used  for  drawing  the  lopins  into  bars  is  in  most 
instances  much  lighter,  and  makes  a  greater  number  of  blows  in  a 
given  time,  than  that  employed  for  expressing  the  slag  from  liie 
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loupe  when  it  first  comes  from  the  refinery.  This  hammer,  which 
has  much  less  lift  than  the  one  just  described,  is  represented  in 
figs.  129  and  130.  In  this  case,  instead  of  being  raised  directly  by 
the  cams,  the  motion  is  communicated  on  the  other  side  of  the 
centre  of  suspension;  the 
axle  and  cams,  as  in  the 
other  hammer,  being  turned 
by  a  water-wheel.  Fig.  129 
represents  a  front  elevation, 
and  fi^.  130  a  profile  section 
of  this  hammer,  a  repre- 
sents the  axle  of  the  water- 
wheel,  on  which  are  fixed 
the  cams,  c:  these  are  fitted 
into  a  cast  iron  ring,  which 
is  firmly  secured  on  the  shaft 
by  the  wedges,  a,  made  of 
hardwood. 

The  beam,  b,  carries  the 
hammer,  f,  and  is  received 
into  a  cast  iron  ring,  c, 
which  is  provided  witn  trunnions,  working  in  bearings  wedged 
between  the  perpendicular  piles,  i»  d',  and  the  cross-bars,  e  e', 
which  are  strongly  bolted  together. 


130. 


At  the  extremity  of  the  beam  opposite  to  that  which  carries 
the  hammer,  is  placed  an  iron  plate,  p,  which  is  firmly  secured  by 
means  of  the  band  d :  against  this  plate  the  cams,  which  are 
turned  in  the  direction  of  the  arrow,  are  successively  brought  to 
bear,  and  by  their  pressure  raise  the  hammer  fixed  on  the  other 
end  of  the  wooden  beam,  which  again  falls  as  soon  as  the  cam  in 
contact  with  the  plate  p  has  so  far  depressed  the  end  of  the  lever 
as  to  allow  of  its  passing  round  without  further  impediment. 
The  spring  b,  is  in  this  case  placed  under  the  tail  of  the  beam, 
instead  of  immediately  above  the  head.     The  faces  of  the  hammer, 
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T,  and  of  the  anyil,  e,  are  inclined  at  a  eeitain  angle  with  Hbe 
floor ;  the  guide,  i,  Berrea  to  steady  long  iron  bars  when  worked 
under  the  hammer. 

The  weight  of  each  loupe  is  in  most  instances  about  2  cwt&i,  and 
100  lbs.  of  cast  iron  produce  on  an  average  84  lbs.  of  bars. 
For  every  100  lbs.  of  wrought  iron  obtained,  150  lbs.  of  charcoal 
are  employed.  The  bellows  are  stopped  as  soon  as  the  bloom  is 
ready  to  be  placed  under  the  hammer,  and  the  whde  operatkm 
occupies  about  five  hours. 

The  iron  obtained  by  this  method  is,  unless  the  cmde  metal  be 
extremely  impure,  of  excellent  quality,  and  good  iron  may,  ereu 
in  this  case,  be  obtained,  althov^  at  a  considerable  waste  of  fuel, 
and  loss  of  metal.  Befineries  of  this  description  have  occasionally 
been  supplied  with  heated  air  instead  of  the  ordinary  cold  blasts 
but  this  naving  been  proved  to  be  of  no  value,  except  during  the 
first  fusion  of  the  pigs,  and  also  to  cause  great  irregularity  in  the 
working  of  the  furnace,  it  has  now  been  universally  discontinued. 
Attempts  have  been  made  to  replace  the  employment  of  charcoal 
by  the  use  of  coke,  but  the  iron  produced  oy  this  means  is  so 
much  inferior  to  that  prepared  with  the  usual  fuel,  as  to  more 
than  compensate  for  the  advantages  derived  by  the  substitution 
of  the  cheaper  combustible. 

The  process  above  described  is  called  by  the  Germans  klump' 
/rischeny  or  lump  refining,  and  differs  from  the  dureh-hrtckm 
frischen,  because  m  the  latter  the  loupe,  instead  of  being  rounded 
together  in  one  mass  on  the  hearth  of  the  furnace,  is  then  sepa- 
rated into  several  lopins^  which  are  successively  worked  under  the 
hammer. 

The  Erenob  call  the  first  process  ^e  affinage  au  petit  foyer^  and 
the  second,  ^finagt  par  pertiana. 


sxeusH  KETHon  07  BSFomro. 

In  this  and  other  coiintries  where  the  scarcity  of  wood  renders 
the  employment  of  charcoal  extremely  expensive,  the  conversion 
of  cast  uron  into  malleable  metal  is  entirely  effected  by  the  use  of 
pit  coal  or  coke. 

This  transformation  is  produced  by  two  consecutive  operations, 
carried  on  in  separate  furnaces.  In  the  first  process  the  metal  is 
melted  in  an  apparatus  in  some  respects  resembling  the  old 
German  refinery,  as  the  liquid  metal,  after  passing  before  the 
blast  of  numerous  tuyeres^  accxmulates  in  the  bottom  of  the 
crucible,  from  whence,  instead  of  being  allowed  to  remain  until  it 
has  assumed  a  pasty  consistency,  it  is  run  off  into  a  flat  mould, 
prepared  for  that  purpose,  a  httW  beiwath  the  level/of  the  h^urth. 
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Bj  this  treatment  the  metal  loses  a  considerable  portion  of  its 
carbon,  and  nearly  the  whole  of  its  silicium,  and  is  thereby  rendered 
extremely  hard  and  brittle,  its  sur&oe  being  usually  covered  with 
numerous  small  blisters,  like  those  observed  in  some  varieties  of 
steel,  to  which  its  composition  is  made  in  some  degree  to  approach. 
l?he  iron  in  this  state  is  known  by  the  name  of  fine  metal,  and  is 
now  transferred  to  another  furnace,  in  which  its  decarburisation 
is  completed.  The  apparatus  in  which  this  process  is  carried  on 
consists  of  a  reverberatory  furnace,  in  which,  after  being  again 
fused,  it  is  subjected  at  a  very  high  temperature  to  a  current  of 
atmospheric  air,  by  which  its  surface  is  partially  oxidised,  and  its 
combined  carbon  eliminated  in  the  form  of  carbonic  acid  gas. 
During  this  operation  a  portion  of  the  oxide  formed  combines 
with  the  silica  resulting  mm  the  oxidation  of  the  small  quantity 
of  silicium  still  remaining  in  the  fine  meta^  and  forms  a  basic  slag, 
which  reacts  on  the  carbon  contained  in  the  metal. 

As,  however,  the  quantity  thus  produced  is  Very  inconsiderable, 
it  is  usual  to  throw  into  the  furnace  a  certain  amount  of  rich 
sl^s  obtained  during  other  stages  of  th€i  manufacture.  The 
oxide  of  iron  contained  in  these  scdria)  now  reacts  on  the  carbon 
still  retained  by  the  metal,  which^  from  the  escape  of  carbonic 
otide  gas,  shortly  appears  to  boil  |  and  this,  on  reaching  the  surfiice, 
bums  with  a  pale  blue  ftuoie,  and  is  thus  converted  into  carbonic 
acid. 

When  the  metal  is  judged  to  be  sufficiently  i^flned,  the  work* 
man  collects  it  together  in  the  form  of  large  balls^  similar  to  the 
loupes  of  the  Gherman  forge^  and  exposes  thelli  successively  to  the 
action  of  a  heavy  hammer,  by  which  the  Vitreous  slag  is  expelled, 
and  the  spongy  metal  compressed  into  a  compact  form«  The 
operation  by  which  the  last  portions  of  carbon  are  extracted  from 
toe  metal,  is  called  puddling^  and  the  puddled  iron,  after  being 
properly  compressed  by  the  heavy  hammer  above  mentioned,  is 
again  heated,  and  then  passed  through  a  series  of  rollers,  by 
which  it  is  formed  into  bars  of  greater  or  less  length  and  diameter. 
The  fine  metal  of  the  English  process  very  nearly  corresponds  to 
the  iron  of  the  petit  foyer  after  it  has  undergone  the  first  fusion^ 
and  the  puddled  baUs,  when  collected  on  the  furnace  bottom^ 
correspond  to  the  rounded  loupe  when  ready  for  carrying  to  the 
hammer. 

Tke  meflBei7«— The  English  fiboing  furnace,  or  refinery,  is  com- 
monly built  on  a  mass  of  brick-work  about  9  feet  square,  which  is 
raised  but  little  above  the  level  of  the  floor,  and  placed  either  in 
a  shed  or  in  the  open  air. 

The  fire-place  consists  of  an  irregulaily-formed  hearth,  ^  figs.  181 
find  132,  2i  feet  in  width,  and  di  feet  in  length,  composed  of  four 
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cast  iron  troughs,  b,  through  which  a  current  of  cold  water  is 
constantly  passed  to  prevent  their  fusion  bj  the  heat  developed  in 
the  furnace.  The  bottom  of  the  crucible  is  formed  either  of  grit- 
stone or  argillaceous  sand,  and  is  slightly  inclined  jui  the  direction 
of  the  tappmg-hole,  h. 


181, 

The  air  is  supplied  by  the  blowing  cylinders  which  supply  the 
blast  furnace,  and  enters  the  hearth  through  the  six  tuyeres,  /, 
so  arranged  that  the  current  issuing  from  those  on  the  opposite 
sides  of  the  crucible  are  not  disposed  in  the  sam0  plane.  These 
tuyeres,  like  those  in  the  furnaces  in  which  cast  iron  is  prepared, 
are  provided  with  double  casings,  and  through  these  a  current  of 
cold  water  is  constantly  flowing.  The  water  for  this  purpose  is 
furnished  by  the  reservoirs  r,  ft*om  whence  it  is  suppbed  to  the 
tuyeres  through  the  pipes  p,  and  afterwards  escapes  through  the 
tubes  p'  into  the  tanks  /,  into  which  the  water  m)m  the  spaces  b 
also  flows  through  the  pipes  /.  Each  of  these  furnaces  con- 
sumes about  400  cubic  feet  of  air  per  minute ;  this  enters  through 
the  pipes  c,  furnished  with  screw  valves  at  r,  by  which  the 
quantity  passing  through  the  nozzles  is  easily  regulated.  The 
tuyeres  are  inclined  at  an  angle  of  from  25^  to  30^,  and  are  so 
placed  that  their  axes  intersect  the  opposite  faces  of  the  crucible 
a  little  above  the  angle  formed  by  its  junction  with  the  bottom  of 
the  furnace.  The  hearth  is  surmounted  by  a  chimney,  s,  of  from 
16  to  18  feet  in  height,  supported  by  four  cast  iron  columns  p, 
which  admit  of  free  access  to  the  fire  on  all  its  sides.    The  tap- 
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ping-hole  A,  ^s.  132,  is  placed  in  one  of  the  shorter  sides  of  the 
nearth,  and  by  it  the  melted  metal,  together  with  the  slag, 
flows  out  on  the  mould  m,  where  it  is  subsequently  cooled  by  the 
addition  of  water.  The  plate  of  fine  metal  thus  formed  is  about 
10  feet  in  length,  2^  ^et  in  breadth,  and  2  inches  in  thick- 
ness. A  portion  of  the  slag  forms  a  thin  crust  over  the  sur- 
face of  the  iron  run  out,  but  the  greater  part  is  collected  in  a 
small  pit  made  for  that  purpose  at  the  lower  end  of  the  mould. 


132. 

The  working  of  the  English  refinery,  like  that  of  the  German 
forge,  is  continuous,  so  that  as  soon  as  one  charge  of  metal  is  run 
out,  the  hearth  is  again  prepared  for  the  reception  of  a  fresh 
supply.  Immediately  after  tapping  the  fine  metal  into  the  mould 
li,  the  workman  detaches,  by  means  of  a  long  iron  bar,  any 
portions  which  may  remain  adhering  to  the  sides  of  the  furnace, 
and  the  ignited  me\  being  pressed  down  into  the  bottom  of  the 
crucible,  new  coke  is  added  until  the  hearth  has  been  filled  to  a 
proper  height.  The  pigs  of  iron  are  now  placed  symmetrically  on 
the  top  of  the  coke,  taking  care  to  cover  the  whole  surface,  and  at 
the  same  time  allowing  sufficient  yent  beirween  them  for  the  escape 
of  the  smoke  and  gases  produced.  Each  charge  of  the  finery  ordi- 
narily consists  of  six  pigs,  of  which  four  are  kid  parallel  to  the 
sides  of  the  furnace,  and  on  these  the  two  others  are  made  to  rest 
transversely.  The  weight  operated  on  at  one  time  varies  from 
1  ton  to  30  cwis.  This  quantity  occupies  about  two  hours  in 
refining,  and  loses  fr^m  13  to  17  per  cent,  of  its  weight  during 
the  operation.  At  the  expiration  of  a  (juarter  of  an  liour  after 
eharging,  the  iron  begins  to  melt^  aj]4  passmg  dixpj^  by  dxiop  thcough 
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bottom  of  the  hearths  By  thia  means  a  portion  of  the  metal 
becomes  oxidised,  and  uniting  with  the  siliceous  cinder  contanned 
in  the  fuel,  as  also  with  the  sihca  resulting  from  the  oxidation  of  the 
ailicium  |)re8ent  in  the  cast  iron^  fcmns  a  fosible  vitreous  slag^  This 
■lag,  which  is  extremely  rich  in  oxide  of  iron,  exerdses  a  strong 
decarbunsing  action  on  the  iron  on  which  it  floats,  and  in  order 
that  these  (manges  may  be  properly  effected,  the  air  from  the 
different  tuyeres  is  allowed  to  play  on  the  surface  of  the  fused 
mass  for  a  considerable  time  aft;er  the  whole  of  the  iron  has  been 
collected  at  the  bottom  of  the  crucible.  During  this  period  the 
fuel  is  observed  to  be  continually  lifted  by  the  motion  caused  in 
the  metal  by  the  escape  of  the  gaseous  oxide  of  earbon  produced 
by  the  reaction  of  the  rich  silicate  of  iron  constituting  the  slag/ 
When  in  this  state,  the  metal  is  not  stirred,  as  in  the  German 
refinery,  but  as  soon  as  the  deearbiirisation  is  judged  suj£ciently 
adyanced,  the  tap-hole  h  is  opened,  and  the  contents  of  tlie  heartn 
allowed  to  flow  mto  the  mould  il,  where  it  is  cooled  by  the  addi« 
tion  of  a  large  quantity  of  cold  water,  by  which  treatment  it  is 
rendered  extremely  brittle.  The  slags  are  now  sepaHEbted,  and  the 
fine  metal  broken  into  pieces  cantenient  for  its  transport  to  the 
puddling  furnace,  where  it  is  to  b0  freed  fi^nn  the  remainder  of  it9 
carbon,  and  conyerted  into  soft  iron.  An  ordinary  furnace  ia 
capable  of  refining  about  10  tons  of  cast  iron  in  twenty-fouf 
hours,  and  consumes  from  4  to  6  cwts.  of  coke  for  each  ton  of  metal 
refined.  The  fine  metal,  besides  containing  less  carbon  than  the 
pig  iron  from  which  it  was  prepared,  has  also  lost  nearly  the 
whole  of  its  silicium,  as  well  aa  various  other  impurities  which 
pass  off  in  the  form  of  slag<  From  the  impurities  ccmtained 
in  the  fuel,  iron  refined  by  the  aid  of  coke  is  found  to  be  less 
pure  and  tenacious  than  that  in  the  preparation  of  which 
charcoal  alone  has  been  employed,  and  for  this  reason  the  latter 
fuel  is  constantly  used  when  metal  of  a  peculiarly  good  quality  ia 
required.  The  iron  from  which  tin  plates  are  manufactured  is 
therefore  refined  with  charcoal,  but  as  in  this  case  the  metal  accu* 
muktes  on  the  sides  of  the  furnace  in  the  form  of  dots  or  lumps, 
they  are  directly  removed  from  the  refineiy  hearth  to  the  tilt 
hammer^  and  fiattened  into  thin  plates  before  being  removed  to 
the  fiirnace,  in  which  their  treatment  is  completed. 

The  Fudditnv  Jhimmce. — ^The  further  purification  or  puddling  of 
Iron  is  effected  in  a  reverberatory  furnace,  figs.  188  and  184,  of  which 
the  first  is  a  vertical  section,  and  the  second  a  ground  plan.  The 
hearth  ^  which  is  composed  either  of  fire-brick  set  on  edge,  or  of  a 
plate  of  cast  iron  covered  with  a  layer  of  slag,  is  laid  very  nearly  level. 
Out  has  nevertheless  a  slight  inclination  towards  b,  where  the  fiiU 
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becomes  oonsiderableyttid  at  the  lowest  point  of  whicih  ia  situated  the 
floss  hole  A,  for  the  removal  of  the  sla^  which  accumulate  in  the  fur- 
nace during  the  process  of  decarbunsation.    The  hearth,  which  is 


usually  4  feet  in  width  at  the  widest  part,  is  reduced  to  about 
1  foot  8  inches  at  its  other  extremity,  and  has  in  most  instances 


a  length  of  about  6  feet.  This  part  of  the  furnace  is  separated 
fifom  the  fire-place  f  by  a  bridge  10  inches  in  height,  and  one  brick 
in  thickness.  The  fire-bars  are  made  moveable  for  the  ^^reater 
convenience  of  removing  the  clinker,  and  cover  a  space  having:  for 
its  length  the  width  of  the  hearth  next  the  bridge,  whilst  it  mea^ 
sures,  according  to  the  size  of  the  furnace,  from  2  feet  8  inches  to 
S  feet  4  inches  in  the  other  direction.  The  draught  through 
the  apparatus  is  determined  by  a  chimney  composea  of  bricks 
strengthened  by  numerous  iron  ties,  and  varies  from  30  to  50  feet 
in  height.  The  upper  part  of  this  shaft  is  furnished  with  a  sheet- 
iron  damper,  opened  by  means  of  a  chain  and  lever,  by  which  the 
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workmen  can  regulate  at  will  the  amount  of  air  passing  through 
the  furnace.  The  walls  of  this  arrangement  are  built  of  ordinaiy 
masonry,  but  the  dome  and  all  the  other  parts  en)08ed  to  a  high- 
temperature  are  exclusiTely  constructed  of  good  nre-bricks,  closely 
bedded  in  clay.  The  outside  of  the  mass  is,  as  represented  in  fig. 
184,  encased  in  a  strong  coTering  of  cast  iron,  firnuy  held  together 
by  clamps  and  wedges,  and  by  this  means,  not  only  is  the  perfect 
solidity  of  the  structure  ensured,  but  the  inconvenience  attend- 
ing the  entrance  of  cold  air  through  the  clefts  of  the  brick- work 
is  entirely  avoided.  The  door  e  is  in  communication  with  the 
mte,  and  closed  either  by  an  accumulation  of  the  coal  used  for 
fuel,  or  bv  sliding  doors  raised  by  a  chain  and  lever.  In  this 
country  the  feeding-hole  of  the  furnace  is  usually  closed  by  the 
accumulation  of  coal  only.  The  opening  d,  fig.  134,  communi- 
cates with  the  hearth  or  sole  of  the  furnace.  This  door  is 
chiefly  used  for  working  the  metal  with  an  iron  bar  during 
the  process  of  puddling,  and  is  closed  by  an  iron  frame  filled 
with  fire-bricks,  and  raised  by  a  chain  and  lever.  Another 
aperture,  sometimes  placed  on  the  same  sole  of  the  frumace, 
but  considerably  nearer  the  chimney,  is  employed  for  charging  the 
refined  metal  and  cleaning  out  the  apparatus  at  the  close  of  each 
operation,  and  is  therefore  kept  closed  by  an  iron  plate  during  the 
working  of  the  charge.  The  hearth,  as  before  stated,  is  frequently 
composed  of  a  cast  iron  plate  covered  with  a  frisible  slag,  and  in 
this  case  a  space  for  the  circulation  of  cold  air  is  left  between  it 
and  the  brick-work :  by  this  means  the  temperature  to  which  it  is 
exposed  is  constantly  kept  lower  than  the  point  of  its  frision,  and 
the  plate  consequently  remains  uninjured  under  circumstances  by 
which  it  would  otherwise  become  rapidly  destroyed. 

The  puddling  of  fine  metal  in  this  furnace  is  conducted  in  the 
following  manner : — The  iron  is  introduced  into  the  furnace  by 
means  of  a  shovel,  and  piled  up  on  the  sides  of  the  hearth  until  it 
nearly  touches  the  dome,  care  being  taken  to  keep  the  centre  of 
the  sole  clear  for  working  the  charge,  as  also  to  aliow  the  heated 
air  to  circulate  freely  around  the  broken  fragments.  To  the 
broken  metal  a  portion  of  rich  slag  and  iron  scales  is  after- 
wards added.  The  doors  are  now  closed,  fresh  fuel  is  thrown  on 
the  grate,  and  the  damper  at  the  top  of  the  chimney  entirely  closed. 
At  the  expiration  of  about  half  an  ho«ur  the  sharp  edges  of  the  fine 
metal  begin  to  melt,  and  ^ow  on  the  bottom  of  the  hearth.  The 
workman  at  this  stage  removes  a  pmall  iron  plate,  by  which  an 
opening  in  the  working  door  is  closed  during  tne  first  part  of  the 
operation,  and  with  an  iron  rod  stirs  the  mehed  portions  of  metal 
in  order  to  expose  new  surfsices  to  the  action  of  the  oxidising  gases 
passing  through  the  lurnace ;  he  also  removes  it  to  a  certain  dis- 
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tance  firom  the  bridge,  to  preyent  its  ruimmg  together  in  one  mass. 
When  the  whole  of  the  charge  has  been  thus  reduced  to  a  pasty 
state,  the  fire  is  lowered,  the  damper  gradually  closed,  and,  if  it  be 
found  necessary,  a  little  water  may  be  thrown  into  the  furnace. 
The  metallic  bath  now  appears  to  boU,  from  the  eyolution  of  car* 
bonic  oxide  gas,  which  immediately  takes  fire  on  reaching  the  sur- 
face, and  bums  with  a  blue  flame.  The  puddler  now  keeps  the 
metal  constantly  stirred  with  an  iron  tool  called  a  paddle,  thus 
continually  exposing  fresh  surfaces  to  the  action  of  the  gases  in 
the  frimace.  It  is,  however,  desirable  that  the  metal  should  be 
subjected  as  little  as  possible  to  the  direct  action  of  atmospheric 
air,  by  which  it  would  become  rapidly  oxidised ;  and  for  this  reason 
the  working  door  is  not  opened  more  than  is  absolutely  necessary 
for  carrying  on  the  work.  After  a  time  the  metal  begins  to  lose 
its  coherence,  and  becomes  sandy,  or,  as  the  workman  expresses  it, 
dry.  The  evolution  of  oxide  of  carbon  now  rapidly  declines,  and 
soon  ceases  altogether ;  but  the  stirring  of  the  mass  is  continued 
until  it  has  assumed  a  unifovm  gpranular  appearance.  When  this 
point  has  been  attained,  the  fire  is  again  forced,  and  the  damper 
gradually  raised :  this  causes  the  sandy  particles  to  agglutinate 
and  offer  considerable  resistance  to  the  paddle.  The  iron  is  now 
said  to  work  heavily,  and  a  portion  of  the  scoria  is  run  off 
throimh  the  floss-hole  left  for  that  purpose  at  the  end  of  the  fiuv 
nace  ferthest  removed  from  the  bridge.  It  now  only  remains  for 
the  workman  to  form  the  iron  into  halU,  and  this  he  does  by 
attaching  a  small  portion  to  the  end  of  his  paddle,  and  so  rolling 
it  in  the  hearth  as  to  collect  other  fragments,  which  become  firmly 
welded  to  it.  In  this  way  the  whole  of  the  charge  is  collected 
into  lumps  weighing  from  60  to  70  pounds  each,  and  these,  when 
formed,  are  placed  by  a  kind  of  rake  called  a  dolly,  and  which  is 
heated  to  redbess  before  being  used,  in  the  hottest  part  of  the 
furnace,  where  they  are  pressed  for  the  purpose  of  squeezing  out 
the  slag  conitained  in  the  spongy  mass.  This  making  of  the  balls 
occupies  about  twenty  minutes,  and  when  it  is  accomplished  the 
doors  are  closed  for  a  short  time,  and  the  dampers  opened  for  the 
purpose  of  welding  the  particles  of  the  metal  closely  together. 
The  loupes  are  now  successively  removed  from  the  furnace,  and 
placed  either  under  the  hammer  or  s<^ueezer,  in  which  case  they 
are  often  welded  to  a  long  iron  rod,  which  serves  the  workman  in 
lieu  of  a  handle.  When,  on  the  contrary,  as  in  most  parts  of 
Wales,  they  are  passed  directly  to  the  roughing  rollers,  they  are 
lifted  directly  from  the  hearth  by  the  help  of  heavy  tongs  only. 

The  charge  of  a  puddling  furnace  is  usually  from  3^  to  5  cwts.  of 
fine  metal.  When  very  pure  cast  iron,  such  as  that  prepared  from 
cfaawoal,  is  to  be  treated,  the  preliminary  operation  of  refining  is 
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Bometimes  dispensed  with,  but  for  ordinary  rough  metal  its  pre- 
vious purification  is  considered  indispensable.  Each  fiirnace 
receives  firom  10  to  11  charges  in  the  course  of  twenty-four  hours, 
and  the  average  loss  experienced  by  the  fine  metal  mav  be  esti- 
mated at  about  0  per  cent,  on  the  quantity  treated.  About  five 
puddling  furnaces  are  required  for  each  finery,  and  every  charge  of 
metal  puddled  requires  the  combustion  of  just  its  own  weight  of 
coals.  The  operation  may  be  divided  into  foiur  distinct  periods. 
The  melting  of  the  refined  metal  commonly  begins  to  take  place 
at  the  expiration  of  twenty  or  twenty-five  minutes.  At  the  end  of 
an  hour  and  a  half  the  charge  is  completely  reduced  to  a  sandy 
state.  It  is  in  this  state  kept  heated  for  another  half-hoiur,  and  at 
the  expiration  of  that  period  the  balling  is  commenced,  and  this 
occupies  about  the  same  length  of  time. 

Compmffliiff  the  Puddled  Balls.-— The  hammer  employed  for 
compressing  the  balls  after  their  removal  from  the  puddlmg  fur- 
nace, is  commonly  made  of  cast  iron,  and  is  represented  in  fig.  135. 
The  weight  of  the  helve  u  varies  from  8^  to  4  tons,  and  its  length 
is  in  most  instances  about  10  feet. 


185. 


The  axis  a  of  the  hammer  rests  on  heavy  plummer-blocksy 
firmly  secured  by  strong  bolts  passing  through  a  large  mass  of 
suMonry,  on  which  one  or  more  courses  of  wooden  beams  are  placed 
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for  the  purpose  of  affording  a  certain  degree  of  elasticity  to  the 
arrangement.  The  head  p  is  made  of  wrought  iron,  &ced  with 
steel,  and  weighs  from  7  to  8  cwts.  This  is  attached  to  the  helre 
by  passing  through  a  large  hole  cast  in  its  extremity,  and  is  firmly 
secured  by  iron  or  wooden  wedges.  The  anvil,  like  the  hammer, 
is  composed  of  two  parts :  one  of  these,  called  the  pane  of  the 
anvil,  IS,  like  that  of  the  hammer,  formed  into  a  series  of  grooves 
for  the  purpose  of  better  expressing  the  slags  from  the  bafis,  and 
welding  their  particles  more  closely  together.  This  is  of  equal 
weight  to  the  head  of  the  hammer,  and  rests  on  a  la^e  cube  of 
cast  iron,  to  which  it  is  secured  by  proper  wedges.  The  weight 
and  dimensions  of  the  iron  block  6,  supporting  this  face,  vary  in 
different  manu&ctories,  but  on  an  average  it  may  weigh  about  4 
tons,  although  six-feet  cubes  of  cast  iron  have  been  sometimes 
employed  for  this  purpose.  The  head,  which  lifts  from  16  to  24 
incnes,  and  makes  from  75  to  100  blows  in  a  minute,  is  raised  by 
a  succession  of  cams,  c,  fixed  in  a  heavy  cast  iron  collar  h,  called 
the  eam-rinff'baffy  which  may  be  8  feet  in  diameter,  and  18  or  20 
inches  in  thickness :  this  weighs  from  4  to  4^  tons,  and  is  firmly 
keyed  to  a  powerM  shaft  s,  moved  either  by  steam  power  or  a 
water-wheel.  The  apparatus  ^  ^  is  for  the  purpose  of  propping 
up  the  head  of  the  hammer  when  not  in  use.  The  puddled  loupes 
are  held  under  this  instrument  by  an  iron  rod  caUed  tL  porter,  and, 
when  the  slag  has  been  sufficiently  expressed,  they  are  passed 
through  a  series  of  grooved  iron  rollers. 

The  heavy  iron  hammer  is  now  sometimes  replaced  by  a  kind  of 
hinged  press,  fig.  136,  in  which  the  balls  of  puddled  metal  are  sub- 


;,;::i 


186. 
jected  to  considerable  pressure  by  means  of  a  pgwej 
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apparatus  consists  of  two  strong  jaws,  a  b,  e,  joined  together  at  i 
uke  a  pair  of  common  scissors  :  in  this  case  the  cutting  edges  of 
the  scissors  are,  however,  replaced  by  plane  surfaces,  in  which  are 
niunerous  latitudinal  grooves,  in  order  to  retain  the  loupes  of  metal 
to  be  operated  on.  The  lower  jaw  e  consists  of  a  cast  iron  box^ 
through  which  a  current  of  water  constancy  flows,  in  order  td 
prevent  its  becoming  too  highly  heated  by  the  masses  of  hot  metal 
which  it  supports. 

The  upper  jaw  a  receives  its  motion  from-  the  shaft  s,  with 
which  it  IS  connected  by  the  crank  t,  and  which  must  be  made  of 
stout  wrought  iron  of  good  quality.  This  press  occasions  less 
waste  than  the  ordinary  hammer,-  and  at  the  same  time  more 
expeditiously  fits  the  loupe  for  passing  through  the  rolling  mills. 
Both  these  contrivances- have,  however,- of  late  years  become  very 
generally  superseded  by  Nasmyth^s  steam  hammer,  which  is 
equally  applicable  ta  the  compression  of  the  puddled  loupes  and 
the  forging  of  large  masses  of  finished  iron  in  the  manufacture  of 
anchors  and  other  heavy  articles.  The  head  of  this  instrument 
consists  of  a  cast  iron  block,  to  which  is  fitted  a  steeled  wrought 
iron  flEicing.  To  lift  this  weight,  which  frequently  amounts  to 
from  four  to  five  tons,  it  is  attached  to  a  rod  connected  with  a 
piston  working  in  a  steam  cylinder,  which  is  supported  at  a  con- 
venient height  on  a  stout  stand  of  cast  iron.  The  sides  of  this 
frame  are  also  grooved  so  as  to  form  guides  for  the  hammer  head. 
The  anvil  is  placed  between  the  uprights  which  support  the 
cvlinder,  and  is  provided  with  a  steeled  facing  similar  to  that  of 
the  moveable  mass  constituting  the  hammer  itself.  On  the  top  of 
the  staging  which  supports  the  cylinder  is  placed  a  platform  for 
the  hammer-man,  who,  by  admitting  steam  under  the  piston, 
raises  both  it  and  the  hammer  to  which  it  is  attached ;  whilst,  by 
cutting  ofi*  the  communication  with  the  boiler,  allowing  the  steam 
to  escape,  and  at  the  same  time  permitting  the  atmosphere  to 
have  access  to  the  other  side  of  the  piston,  the  mass  of  metal  is 
made  to  fall  with  its  whole  weight  on  the  anvil  which  is  beneath. 
The  steam  in  this  arrangement  is  alternately  admitted  and  cut  off 
by  a  slide  worked  by  an  eccentric ;  but  when  intermittent  blows 
are  to  be  applied,  the  slide,  which  is  connected  to  a  proper  lever, 
is  worked  by  hand.  The  workmen,  by  long  practice,  become  so 
completely  masters  of  this  machine  as  to  be  able  to  cork  a  bottle 
without  danger  to  the  glass,  or  break  a  nut  without  in  the 
slightest  degree  crushing  the  kernel. 

In  large  establishments  these  hammers  are  at  the  present  time 
very  extensively  employed,  but  many  of  the  smaller  forges  still 
compress  the  sponey  metal  either  by  the  squeezer  or  heavy  cast- 
iron  hammer  raised  by  the  head. 
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The  cylinders  by  which  the  soft  metal  is  compressed,  and  after- 
wards drawn  into  bars,  are  of  two  distinct  kinds.  The  first,  which 
are  called  pudcUing  rolls^  serve  to  compress  and  weld  together  the 
balls  of  metal  after  they  are  removed  m>m  under  the  hammer,  al- 
though in  some  localities,  and  particularly  in  Wales,  they  are  passed 
through  the  rollers  as  soon  as  fchey  have  been  removed  from  the 
furnace.  The  second  kind  is  employed  exclusively  for  the  purpose 
of  extending  into  bars  the  masses  of  puddled  iron  after  they  have 
been  cut  into  short  lengths  and  reweldedto  improve  their  quality : 
these  are  known  by  the  name  of  rollers,  and  are  differently  grooved 
according  to  the  pattern  of  the  bars  they  are  iatended  to  produce. 
{These  cylinders  are  fixed  in  pairs,  one  above  the  other,  in  a  heavy 
framework  of  cast  iron,  aud  are  so  connected  by  strong  toothed 
wheels  as  to  turn  in  contrary  directions.  Motion  is  communicated 
to  the  shafts  either  by  steam  or  water  power,  and  the  distance 
between  the  two  cylinders  admits  of  being  easily  regulated  by 
screws  acting  on  the  bearings  in  which  the  ^imnions  are  made  to 
work.  A  narrow  oblong  foss  runs  beneath  the  frame  in  which 
the  rollers  are  placed :  through  this  a  stream  of  water  is  conti- 
nually made  to  flow,  and  in  it  is  collected  the  scale  which  falls  from 
the  surface  of  the  heated  iron  when  passing  between  the  cylinders. 
The  sides  of  this  rectangular  pit  are  commonly  composed  of  large 
blocks  of  stone  resting  on  a  solid  mass  of  masonry,  into  which  are 
built  strong  beams  either  of  wood  or  cast  iron,  to  which  the  upr 
rights  or  hovaing  frames  supporting  the  rollers  are  firmly  secured. 
A  small  stream  of  water  is  occasionally  conducted  by  a  pipe  to  each 
pair  of  cylinders,  which  are  thus  kept  cool,  and  prevented  from 
being  injured  by  the  hot  metal  passed  between  them. 

The  roughing  rolls  are  usually  5  feet  in  the  clear  between  the 
bearers,  and  18  inches  in  diameter :  the  trunnions  are  turned  out 
of  the  same  piece  of  metal,  and  are  each  about  a  foot  in  length. 
Each  of  these  rollers  has  a  series  of  from  five  to  seven  regularly 
decreasing  grooves  of  an  elliptical  form,  so  arranged  that  the 
shorter  axis  of  the  figure  formed  by  the  meeting  of  the  correspond- 
ing grooves  in  the  two  cylinders  is  equal  to  the  longer  axis  of  the 
ellipse  formed  by  the  junction  of  the  two  grooves  which  come  next 
in  succession.  The  smaller  axis  of  each  ellipse  is  also  invariably 
perpendicular  to  the  surfaces  of  the  two  cylinders  by  the  meeting 
of  which  it  is  formed ;  and,  for  this  reason,  every  oar  which  has 
passed  between  the  roUers  is  made  to  make  a  quarter  revolution 
before  it  enters  the  grooves  which  come  next  in  the  series,  and  is 
thus  equally  compressed  and  drawn  out  in  all  its  parts. 

The  roughing  and  preparing  grooves  are  sometimes  contained 
on  the  same  cylinders,  but  are  more  frequently  arranged  on 
distinct  rollers,  as  in  fig.  137,  where  a  k!  represent  the  roughing 
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rolls,  and  b  b'  those  hj  wliich  the  metal  is  formed  into  flattened 
bars,  to  be  subsequently  £Eiggoted  and  drawn  into  iron  of  any 
required  size.  The  first  three  or  four  grooTes  of  the  roughing 
rollers  are  also  commonly  provided  with  asperities  somewhat  re- 
sembling the  teeth  of  a  file,  which  take  firm  hold  of  the  mass  of 
metal  presented  before  the  opening,  and  draw  it  through  without 
danger  of  the  slipping  which  would  occur  if  smooth  surfiEu^es  only 
were  employed. 


137. 

To  support  the  balls  and  masses  of  metal  which  are  to  be  passed 
through  tne  rollers,  a  thick  plate  of  cast  iron,  notched  on  the  edge 
so  as  to  admit  of  being  closely  applied  to  the  (nrlinder,  is  placed 
on  a  IcTel  with  th^  bottom  of  the  notches  on  the  lower  roll.  This 
piece  is  called  the  apron,  and  rests  on  iron  bars  stretched  between 
two  consecutive  standards  of  the  housing  frame.  These  uprights 
vary  from  5  to  6  feet  in  height,  and  are  usually  about  2  inches 
thicker  perpendicularly  to  the  faces  of  the  rolls  than  parallel  to 
their  surfiswes,  in  which  direction  they  measiure  from  10  to  11 
inches.  The  different  bearers,  6,  are  connected  together  at  their  upper 
extremities  by  stout  iron  bars,  drawn  tight  by  screw-nuts :  these 
are  used  by  the  workmen  to  support  the  heavy  tongs  employed  in 
lifting  the  masses  of  hot  iron  to  De  roUed  into  bars. 

The  distances  between  the  rollers  are  regulated  by  the  screws,  s, 
and  the  connections  between  them  established  bv  means  of  the 
strong  toothed  wheels,  c  (f,  by  which  they  are  made  to  revolve  in 
opposite  directions.  The  two  series  of  rolls  are  united  by  heavy 
couplings,  d,  r,  tightlv  keyed  together. 

Pud(Sed  iron  which  has  been  rolled  into  bars  immediately  on 
its  removal  from  under  the  hammer  is  alwavs  of  very  inferior 
quality,  being  extremely  hard  and  brittle,  besides  being  subject  to 
numerous  flaws  and  imperfections  not  observed  in  ordinary  bar 
iron.  This  hardness  of  the  metal  is,  however,  in  certain  instances 
found  advantageous,  and  for  this  reason  the  bars  of  iron  laid  down 
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on  our  railways  are  ofben  composed  of  coarse  hard  iron,  which  is 
made  to  assume  its  peculiar  shape  by  being  rolled  between 
cylinders  having  on  then*  surfaces  grooves  so  arranged  as  to  form 
the  profile  of  the  rail  wanted.  When,  on  the  contrary,  the  iron 
is  required  for  ordinary  purposes,  and  should  consequently  be 
possessed  of  tolerable  tenacity,  its  quality  is  improved  by  cutting 
the  rough  bars  into  short  lengths,  and  afterwards  welcung  them 
together  in  bundles,  and  again  passing  them  through  a  set  of 
rollers  the  grooves  of  which  correspond  in  size  and  form  to  the 
dimensions  of  the  bars  or  rods  to  be  produced. 

To  eflTect  this,  the  bars  of  puddled  iron  are,  by  means  of  powerful 
Scissors,  fig.  138,  cut  into  lengths  of  about  a  foot  each,  and  subse- 
quently heated  to  the  welding 
point  in  an  oven  expressly 
adapted  for  that  purpose,  and 
called  a  mill  furnace. 

These  shears  are  composed 
of  two  jaws  terminated  by  cut- 
ting edges,  a  b,  made  of  hardened 
steel,  and  firmly  bolted  to  the 
iron  limbs  to  which  they  are 
attached.  The  lower  blade,  6, 
is  immoveably  fixed  to  a  cast 
iron  stancheon,  whilst  the  upper 
one,  marked  a,  moves  on  the 
pin,  p,  passing  through  the  same 
support.  To  the  upper  limb,  6, 
of  the  instrument  is  attached 
the  lever  p  b,  which,  being  con- 
nected with  the  rod,  b  m,  at- 
tached by  a  crank  to  the  shaft  of  the  steam-engine,  causes  the 
jaws  of  the  shears  to  alternately  open  and  shut  at  every  revolution 
of  the  axle  by  which  the  power  is  supplied.  In  this  way  motion 
is  given  to  the  scissors,  which  easily  divide  bars  of  iron  an  inch  or 
more  in  thickness  when  placed  between  the  jaws. 

The  iron  thus  cut  into  short  lengths  is  made  into  heaps  or  piles 
proportionate  to  the  size  of  the  bars  to  be  manufactured,  and 
heated  in  a  furnace  of  which  fig.  139,  next  page,  represents  a 
vertical  section.  This  apparatus  mfiers  chiefly  fi:>om  the  puddling 
furnace  in  the  relation  existing  between  the  hearth,  a,  and  the 
grate,  B,  which  in  the  latter  is  made  much  larger  than  in  the 
former,  on  account  of  the  greater  heat  which  is  in  that  case 
required.  In  this  furnace  also  there  are  two  doors,  by  one  of 
which,  df  the  fuel  is  introduced  into  the  fire-place;  whilst  the 
other,  which  is  not  seen  in  the  woodcut,  is  situated  under 
a  chimney,  and  is  employed  for  introducing  the  bundles  (^li^n 
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into  the  hearth,  a,  and  removing  them  when  sufficiently  heated  to 
be  passed  through  the  rollers  hj  which  they  are  to  be  drawn  into 


139. 

bars.    This  l&tter  opening  is  closed  by  a  kind  of  damper,  which  is 
worked  by  a  lever. 

It  is  of  the  greatest  importance  in  furnaces  of  this  description 
that  no  air  be  ifllowed  to  enter  but  that  which  has  lost  the  greater 
portion  of  its  oxygen  by  having  first  passed  through  the  grate,  and 
for  this  reason  it  is  essential  that  the  doors  should  remain  com- 
pletely closed  during  the  time  that  the  &ggots  of  puddled  iron  are 
being  heated.  If  this  precaution  were  not  attended  to,  a  consi- 
derable loss  would  be  sustained  by  the  oxidation  of  the  metal 
treated,  as  this  oxide,  imiting  with  the  siliceous  matter  of  the 
Aimace,  determines  the  formation  of  large  quantities  of  rich  slag 
at  the  expense  of  the  metallic  iron.  It  is  fidso  to  be  observed  that  the 
large  door  is  so  placed  beneath  the  chimney  that  the  air  which  would 
otherwise  enter  the  furnace  on  the  withdrawal  of  the  damper  makes 
its  way  directly  to  the  flue.  When  the  piles  of  puddled  iron  placed 
on  the  sole,  rf,  have  acquired  the  temperature  necessary  for  welding 
them  together,  they  are  successively  removed  through  the  door, 
and  passed  between  the  finishing  rollers  until  they  have  assumed 
the  required  form  and  dimensions.  These  rolls  are  turned  with 
greater  precision,  and  adjusted  with  more  accuracy,  than  is  re- 
quired in  the  first  set,  as  it  is  essential  that  the  finished  bars 
should  have  a  regular  form,  and  be  perfectly  smooth  on  the  sur- 
face. They  are  also  made  to  turn  with  more  rapidity  than  the 
roughing  rolls,  to  prevent  the  iron  from  becoming  chilled  before  it 
has  time  to  pass  through  them.  The  quickness  of  this  motion 
depends,  therefore,  in  a  great  measure  on  the  thickness  of  the 
bars  to  be  produced,  as  the  smaller  specimens  will  evidently  soonest 
become  cold.    For  this  reason,  where  very  small  iron  is  manufftc- 
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tared,  it  ia  usual  to  employ  a  series  of  three  rollers  placed  one 
above  the  other.  In  this  case  the  motion  is  directly  communicated 
from  the  engine  or  water-wheel  to  the  middle  cylinder,  which, 
bein^  connected  by  cog-wheels  with  the  other  rollers  placed  above 
and  oeneath  it,  causes  them  to  revolve  in  contrary  directions. 
These  cylinders  make,  on  an  average,  from  150  to  200  revolutions 
per  minute.  To  use  them,  the  heated  bar  is  first  passed  between 
the  first  and  second  rolls,  and  then  returned  from  the  other  side 
between  the  set  formed  by  the  second  and  third. 

■anuflMtiire  •#  Sbeet  Iron. — Sheet  iron  is  made  either  by 
hammering  the  heated  metal  to  the  proper  thickness  bv  the  same 
methods  that  in  some  localities  are  still  employed  for  the  purpose 
of  drawing  it  into  bars,  or  it  is  made  to  acquire  the  proper  form 
and  thickness  by  being  passed,  when  strongly  heated,  between 
smooth  rollers  with  potished  fiuses  arranged  in  the  same  manner  as 
those  intended  for  reducrug  it  into  bars. 

Two  sets  of  cylinders  are  employed  for  this  manufacture :  by 
the  one,  the  metal  is  roughed  into  something  like  the  required 
dimensions ;  and  by  the  second,  which  only  differs  from  the  other 
in  being  turned  perfectly  smooth,  and  more  accurately  adjusted, 
the  sheets  are  finished  oS,  and  are  ^ven  an  even  and  polished 
BurfiEKse.  The  metal  employed  for  ms^ing  sheet  iron  ouAt  to  be 
very  soft  and  tough ;  and  when  thin  sheets  are  required,  such  as 
those  of  which  tin-plate  is  manufactured,  the  best  charcoal- 
prepared  iron  only  can  be  used. 

To  give  to  the  metal  the  form  of  sheets,  it  is  first  drawn  out 
into  flattened  bars  of  a  greater  or  less  thickness  according  to  the 
dimensions  and  solidity  of  the  plates  to  be  manufiu^tured.  These 
are  afterwards  cut  by  powerful  shears  into  lengths  conrespondii:^ 
to  the  width  of  the  sneets  which  it  is  wished  to  prepare.  This  is 
UBualljr  done  immediatelv  after  the  metal  has  passed  through  the 
preparing  rollers,  and  whilst  it  is  still  hot.  The  prepared  masses 
are  now  introduced  into  a  reverberatoiy  furnace,  where  they  are 
heated  to  redness,  and,  when  sufficiently  hot,  are  passed  through 
the  roufifhing  rolls  in  such  a  way  that  the  length  of  the  bars  may 
be  paraQel  to  the  axes  of  the  cylinders  between  which  they  are 
compressed.  The  plates  are  in  this  way  acted  on  by  the  rolls  two 
or  three  successive  times,  the  distance  between  them  being  slightly 
lessened  at  each  operalaon  for  the  purpose  of  thinning  the  sheet 
by  the  continuance  of  the  pressure  exerted  on  it  by  the  cylinders. 
l!he  roughed  plates  are  now  a  second  time  reheated  in  a  reverbe- 
ratorv  furnace,  but  not  in  that  employed  for  sofbening  the  rough 
bars  before  passing  through  tiie  preparing  rolls,  which,  although 
very  similar  to  the  one  now  used,  is  kept  entirely  for  the  service  a£ 
the  roughing  rolls  alone.  Great  precautions  are  necessary  to 
prevent  the  entrance  into  these  fuznaoes  of  any  atmospheric  air 
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which  has  not  passed  immediately  through  the  fire-grate,  as  the 
flattened  masses  of  iron  would  become  externally  oxidised,  and 
could  not  afterwards  be  made  to  acquire  the  necessary  smoothness 
of  surface.  The  heated  plates,  after  beins  passed  through  the 
finishing  cylinders,  are  at  length  found  to  haTe  assumed  the  re* 
quired  thickness  and  dimensions,  and  are  subsequently  beaten 
with  wooden  mallets  for  the  purpose  of  removing  the  scales  of 
oxide  which  in  greater  or  less  quantity  are  invariably  attached  to 
their  surfaces. 

When  the  iron  has  been  rolled  into  very  thin  sheets,  such  as 
those  employed  in  the  manufacture  of  tin-plate,  the  smoothing  of 
the  surface  is  effected  by  a  distinct  and  separate  operation.  For 
this  purpose  the  reduced  metal,  after  being  heated  to  redness,  in 
order  to  restore  its  softness,  is  laid  in  successive  layers  on  a 
smoothly  polished  surface  of  cast  iron,  where  it  is  strongly  com- 
pressed by  the  descent  of  another  surface  acted  on  by  hydraulic 
pressure. 

For  the  production  of  small  square  iron  bars,  such  as  those 
from  which  nails  are  commonly  made,  a  system  of  rollers  are  em- 
ployed, which  have  received  the  name  of  slitters,  fig.  140.    The 

ridges  of  these,  instead  of 
being  obtuse  and  exactly 
meeting  each  other,  as  in 
the  case  of  ordinary  rolling 
cnrlinders,  are  composed  of 
sharp  steel  discs,  of  an 
annular  form,  and  which 
enter  into  opposite  grooves 
of  about  two  inches  and  a 
half  in  depth ;  so  that  any 
piece  of  sheet  iron  whicn 
may  be  passed  between 
them  is  unmediately  di- 
vided into  a  series  of  slips 
corresponding  in  number 
to  the  circular  cutters  of 
the  apparatus.  These  slitters,  A  Af,  are  composed  of  steel  plates, 
BO  arranged  on  a  heavy  cast  iron  shaft  as  to  fit  tightly  between 
those  placed  on  the  opposite  rollers,  and  all  strongly  secured  in  their 
place  by  stout  iron  caps  and  screw  bolts.  The  metallic  sheet  of 
proper  width  and  thicmess  is  steadied  whilst  passing  between  the 
knives  by  the  guides,  1 1,  and  the  tension  bars.  A,  which  keep  th^ 
cut  bars  separate  whilst  passing  out  on  the  opposite  side  of  the 
arrangement.  The  wrought  iron  bars,  A,  are  secured  to  the 
uprights  of  the  housing  frwie,  and  serve  to  secure  the  guide  and 
its  appurtenances  in  a  proper  position.  03^,3^  by Google 
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MA}<rVFACTTTBE  OF  IBOK  BY  THE  OATALAK  OB  FBBSfCH  METHOD. 

In  the  French  FyreneeB,  Corsica,  and  in  some  provinces  of 
Spain,  instead  of  manufiEusturing  malleable  iron  by  treating  cast 
iron  in  a  refinery  and  puddling  ftirnace,  it  is  obtained  hy  one 
operation  directly  £rom  the  ore.  In  order  that  this  branch  of 
industry  should  be  advantageously  carried  on,  it  is  necessary  that 
the  ores  treated  be  not  only  extremely  rich,  but  also  ver^  fusible, 
and  that  charcoal,  which  is  the  fuel  employed,  be  obtained  at  a 
low  price,  since  every  ton  of  bar  iron  thus  produced  will  require 
in  its  preparation  the  expenditure  of  rather  more  than  three  tunes 
that  weight  of  fuel. 

The  Catalan  furnace  consists  of  a  quadrangular  crucible,  com- 
posed of  refinactory  masonry,  and  attacked  like  an  ordinary  smithy 
nre-place  to  one  of  the  walls  of  the  workshop  in  which  it  is 
situated.  Three  distinct  modifications  of  this  smelting  hearth  are 
used  on  different  parts  of  the  Continent,  under  the  names  of 
Catalan,  Navarrese  and  Biscayan  forges,  but  as  in  principle  these 
exactly  resemble  each  other,  it  will  be  sufficient  to  describe  in 
detail  the  Catalan /orffeywhicli  is  that  most  extensively  employed. 

The  hearth  of  this  Aimace  is  established  in  a  large  mass  of 
stone- work,  cemented  together  with  refractory  clay,  and  which, 
instead  of  being  built  directly  on  the  floor  of  the  foundry,  is  sup- 
ported on  one  or  more  small  arches,  to  admit  of  the  escape  of 
moisture,  and  to  preserve  the  bottom  of  the  crucible  from  Deing 
injured  by  any  dampness  which  might  otherwise  find  its  way  into 
the  masonry.  On  the  top  of  these  arches  is  arranged  a  layer  of 
fire-clay  and  iron  slag,  which  is  well  beaten  down,  and  supports  a 
large  block  of  compact  granite,  which  forms  the  bottom  of  the 
crucible,  and  on  this  are  placed  the  four  sides  of  the  hearth, 
a,  6,  e,  d,  as  shown  in  figs.  141  and  142. 

The  face,  a,  which  is  of  iron,  is  called  the  ehio,  and  from  this 
side  of  the  furnace  the  liquid  slags  are  run  off  through  a  hole 
left  for  that  purpose.  That  opposite  is  called  the  eave,  and  is 
entirely  composed  of  masonry  hdd  together  by  refractory  clay. 
This  Bide  is  somewhat  curved  in  an  outward  direction,  and  is 
slightly  inclined  from  the  bottom  towards  the  top. 

The  side  of  the  furnace,  c,  on  the  left  of  the  sketch,  is  called  the 
porge9,  and  is  composed  of  heavy  bars  of  iron  placed  one  above  the 
other,  so  as  to  form  a  kind  of  vertical  wall.  The  other  side  of  the 
furnace,  cf,  opposite  the  tuyere,  is  known  hj  the  name  of  the  ore, 
or  eontrevent,  and  is  composed  of  pieces  of  iron,  having  a  wedge- 
shaped  section,  and  so  arranged  as  to  form  a  rounded  surface, 
with  its  convex  side  placed  towards  the  fire.    The  nozzle,  k,  by 
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which  the  wind  is  brought  into  the  hearth,  has  the  form  of  a 
truncated  cone,  and  is  made  by  turning  a  piece  of  sheet  copper 
into  the  proper  form,  without  soldering  its  edges.  This  nozzle 
rests  on  the  upper  plate  o^  the  porges,  and  encloses  the  tuyere  t, 

by  which  the  furnace  is  supplied  with 
air,  by  a  water  blowing  macQme,repre- 
sented  in  ii^p.  Uh  142,  aud  which  is 
connect ed  to  the  tuyere  by  a  leathern 
hose.  The  amount  of  inclination 
given  to  the  nozde  is  found  to  mate- 
rially aifeet  the  working  of  the  fur- 
nace, and  is  made  a  great  mystery  of 
by  the  workmen  employed.  In  most 
instancea,  howeyer,  the  tuyere  makes 
an  angle  of  from  35^  to  40°  with  the 
bottom  of  the  hearth. 

The  dimensions  moat  commonly 
employed  lor  the  Catalan  fiimace 
are  ua  follow :  length  of  the  hearth 
from  the  porges  to  the  contrevent  at 
its  widest  pi^,  3  feet ;  width  of  the 
crucible,  from  the  cliio  to  the  face  of 
the  cave,  1  foot  9  in. ;  total  depth, 
from  the  isurface  to  the  bottom  of 


141. 

the  hearth,  2  feet  2  inches.    The  distance  between  the  porges  and 
the  contrevent,  at  its  narrowest  part,  is  usually  about  27  inches. 

These  forges  are  invariably  placed  on  the  declivity  of  a  hill, 
and  are  supplied  with  air  by  a  water  blowing  machine,  caUed 
a  trompe.  This  apparatus  consists  of  a  large  cistern,  a,  which 
is  supplied  with  a  constant  stream  of  water,  and  connected 
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with  the  box  €,  by  two  wooden  pipes,  b,  b',  about  20  feet  in 
length. 


142. 

The  lower  case,  c,  which  is  secured  on  all  sides,  and  closelj 
imited  to  the  tubes  b,  b',  is  pierced  with  two  openings,  the  one, 
n,  near  the  bottom  for  the  escape  of  the  water,  and  another  in 
the  lid,  at  b,  through  which  the  air  escapes  into  the  furnace 
through  the  tube  e,  t,  t,  k. 

The  openings  of  the  tubes  B,  b',  are  at  their  point  of  junction 
with  the  reservoir  partially  closed  by  a  sort  of  wooden  funnel, 
which  causes  the  water  to  descend  in  the  middle  portions  of  the 
upright  pipes,  instead  of  adhering  to  and  running  oyer  their  inner 
surfaces,  as  it  woidd  be  otherwise  liable  to  do.  A  little  beneath 
the  openings  of  these  funnels,  called  the  etranguillona,  four  small 
openmgs,  ^,  are  cut  in  an  inclined  direction  through  each  tube ; 
these  are  cdled  the  aapirateurSf  and  serye  for  the  passage  of  the 
air  drawn  into  the  apparatus  by  the  downward  motion  of  the 
streams  of  water.  The  two  upright  columns,  b,  b%  are  firmly 
secured  into  the  lid  of  the  lower  case,  o,  and  are  placed  imme- 
diately oyer,  and  a  short  distance  aboye  a  small  wooden  shelf,  on 
which  the  descending  currents  of  water  are  by  their  fall  broken 
into  foam. 

The  action  of  the  apparatus  may  be  explained  as  follows :  the 
water  flowing  from  the  upper  basin,  a,  draws  down  with  it  a 
current  of  air,  which  enters  through  the  holes,  ^,  in  the  vertical 
lipes,  and  passes  into  the  lower  cistern,  o.  The  water  which  is 
roken  by  its  fSall  on  the  bench,  escapes  by  the  opening  d,  whilst 
the  air  which  has  been  drawn  with  it  into  the  lower  tox,  escapes 
by  the  aperture  b.  The  position  of  the  boards  constituting  the 
etranguulons  is  easily  regulated  by  means  of  wedges,  which  allow 
of  the  descent  of  a  harger  or  smaller  supply  of  water,  according  to 
the  requirements  of  the  trompe.  In  order  during  the  worki^  of 
the  machine  to  regulate  the  amount  of  air  passing  into  the  nir- 
nace  at  the  different  stages  of  the  operation,  each  of  the  descend- 
ing columns,  b,  b',  is  provided  with  a  plug,  suspended  by  a 
lever  and  iron  rod,  and  by  means  of  which  the  current  of  water. 
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and  consequently  that  of  air  also,  is  readily  controlled  by  tbe 
workmen,  without  having  occasion  to  leave  the  workshop,  into 
which  a  chain  attached  to  the  other  extremity  of  the  lever  is 
brought  for  that  purpose. 

The  hammer  employed  for  the  purpose  of  forging  the  iron  pro- 
duced, is  made  of  cast  iron,  and  weighs  firom  12  to  14  cwts.  This 
is  mounted  on  a  long  wooden  beam,  frequently  made  of  beech,  and 
bound,  for  the  sake  of  imparting  to  it  solidity,  with  numerous 
bands  of  iron.  The  hammer  m&es  from  100  to  125  blows  per 
minute,  and  is  raised  by  a  series  of  cams,  arranged  around  the 
axle  of  a  water-wheel,  and  acting  on  the  end  of  the  wooden  beam 
on  the  other  side  of  its  point  of  suspension.  The  anvil  is  com- 
posed of  a  block  of  iron,  fastened  by  a  tenon,  on  a  large  mass  of 
cast  iron,  which  is  itself  securely  bedded  either  on  a  wooden  pile 
or  heavy  block  of  stone,  siink  beneath  the  floor  of  the  foundrv. 

In  order  to  understand  the  method  of  working  this  forge,  let  us 
suppose  that  the  mass  of  iron  or  loupe  has  been  just  extracted 
from  the  frimace,  and  that  the  workmen  are  ready  to  dean  out 
the  hearth  for  the  purpose  of  commencing  another  operation. 

To  do  this  they  first  remove  from  the  crucible  the  burning 
charcoal  which  it  contains,  and  then  carefully  scrape  off  from  the 
sides  any  portions  of  scori®,  or  other  fused  matter,  which  may  be 
adhering  to  them.  They  now  again  throw  a. supply  of  burning 
charcoal  into  the  hearth,  which  they  subsequently  fill  with  this 
combustible  up  to  the  level  of  the  tuyere.  The  hearth  is  now 
divided  either  by  a  shovel,  or  piece  of  sheet  iron,  into  two  compart- 
ments parallel  tc>  the  &ce  of  the  porges,  and  in  such  a  way  that 
the  distance  between  the  porges  and  the  shovel  may  be  twice  as 
|;reat  as  that  comprised  between  it  and  the  contrevent.  Charcoal 
IS  now  added  in  the  space  between  the  shovel  and  the  tuyere, 
and  on  the  opposite  side  is  piled  the 
roasted  mineral,  reduced  to  pieces  about 
the  size  of  eggs.  The  shovel  is  successively 
raised  in  proportion  as  the  space  is  filled 
up,  and  m  this  way  a  saddle-backed  heap, 
a,  b,  c,  fig.  143,  is  raised  against  the  con- 
trevent, which  is  terminated  in  one  direc- 
5f7"  "\/  I  '^J^r  '  ^^^  ^7  *^®  ^^^  called  the  chio,  and  the 
S  ,  jtfSitf  I  I  other  bv  the  &ce  of  the  cave.  The  sur- 
face, a  0,  is  now  slightly  covered  with  some 
damp  charcoal  powder,  and  the  space,  a, 
between  the  neap  of  mineral  and  the 
porges,  entirely  fiJled  up  with  fresh  char- 
coal, in  moderately  sizea  pieces. 
When  the  frimace  has  been  thus  prepared,  the  trompe  is  set  in 
action,  and  the  air  admitted  into  the  nearth.    This  is  at  first  done 
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with  considerable  caution,  but  the  blast  is  progressiYely  increased, 
until  it  is  allowed  to  play  into  the  hearth  at  its  full  pressure. 
Whilst  this  is  Roins  onwards,  the  heap  of  broken  ore  is  gradually 
tx>a8ted  and  reduced,  and  the  workmen,  taking  advantage  of  this 
opportunity,  forge  into  bars  the  mass  of  iron  produced  by  a  former 
operation,  and  which  for  this  purpose  is  commonly  divided  into 
four  separate  pieces,  or  masaouguettea.  These  fragments  are  placed 
in  the  midst  of  the  mass  of  charcoal  lying  between  the  heap  of 
ore  to  be  wrought  and  the  nozzle  of  the  tuyere,  which  furnishes 
the  air  necessary  for  carrying  on  the  combustion  of  the  &el,  and, 
after  being  duly  heated,  are  placed  under  the  hammer,  by  which 
they  are  made  to  assume  the  required  form. 

Ajb  the  operation  advances,  and  the  fuel  is  consumed,  fresh 
charcoal  is  added  to  supply  its  place,  and  the  powdered  mineral 
obtained  by  sifting  the  ore  as  it  comes  from  the  mine  is  slightly 
sprinkled  over  the  surface  of  the  fire.  These  siftings,  which  are 
odled  greillade,  are  slightly  moistened  with  water,  after  being 
thrown  on  the  hearth,  as  they  would  otherwise  be  liable  to  be 
blown  away  by  the  force  of  the  blast,  and  have  a  tendency  to  pass 
too  rapidly  towards  the  bottom  of  the  crucible,  through  the  inter- 
stices occurring  between  the  fragments  of  the  fueL 

The  charcoal  in  the  immediate  neighbourhood  of  the  tuyere, 
and  on  which  the  full  action  of  the  blast  is  made  to  play,  becomes 
rapidly  consumed,  with  the  formation  of  carbonic  acid  gas,  which 
escapmg  through  the  surrounding  charcoal  heated  to  redness,  is 
soon  reduced  to  the  state  of  carbonic  oxide.  This,  from  the  con- 
struction of  the  furnace,  has  to  pass  through  the  openings  left 
between  the  lumps  of  mineral,  be&re  finding  its  way  into  the  open 
air ;  and  the  mineral  which  has  now  lost  aU  traces  of  its  volatile 
constituents,  and  is  very  strongly  heated,  is  in  a  great  measure 
reduced  by  this  means  to  the  state  of  spongy  metallic  iron,  while 
the  oxide  of  carbon  is  at  the  same  time  converted  into  carbonic 
acid  gas,  and  escapes  in  that  form  into  the  atmosphere.  Another 
portion  of  the  oxide  of  iron  present,  instead  of  being  obtained  in 
the  metallic  state,  merely  becomes  converted  into  protoxide,  which, 
uniting  with  the  siliceous  matters  of  the  charge,  gives  rise  to  a 
large  quantity  of  very  fluid  scoria  or  slag,  which  accumulates  on 
the  bottom  of  the  hearth,  and  is  occasionally  drawn  off  by  the  hole 
left  for  that  purpose  in  the  face  of  the  furnace,  called  the  chio. 

At  the  expiration  of  two  hours  from  the  commencement  of  the 
crperation,  the  full  blast  of  the  blowing  machine  is  admitted  into 
the  furnace,  and  the  peillade,  which  constantly  descends  with  the 
fuel,  begins  to  furnish  a  certain  quantity  of  slag  and  spon^  iron, 
which  accumulates  at  the  bottom  of  the  crucible.  At  this  stage 
of  the  process,  the  founder  begins  to  prepare  for  the  formation  of 
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the  mass  or  bloom,  and,  by  passing  an  iron  bar  between  the  con^ 
treyent  and  roasted  mineral,  pushes  forward  those  portions  of  it 
which  he  judges  to  be  in  the  most  forward  state,  in  the  direction 
of  the  nozzle  by  which  the  air  is  admitted.  Fresh  additions  of 
charcoal  and  greiUade  are  also  successively  made  during  the  whole 
time  of  the  operation,  and  at  the  expiration  of  about  five  hours 
from  the  time  of  its  commencement,  the  entire  charge  has  collected 
in  the  bottom  of  the  furnace,  where  the  spongy  iron  is  collected 
by  the  workmen  with  a  long  iron  rake,  and  formed  into  a  bloom, 
which  is  afterwards  carried  to  the  tilt  hammer,  by  which  the  slag 
is  expressed,  and  its  particles  closely  welded  together  in  a  compact 
form.  When  the  loupe  has  by  tms  means  been  welded  into  a 
solid  mass,  it  is  again  put  under  the  hammer,  and  cut  by  a  kind  of 
heavy  steel  knife  into  two  equal  portions,  called  masaoqttefy  which^ 
after  being  a  second  time  neated  in  the  furnace,  are  made  to 
assume  the  form  of  elongated  prisms.  Each  of  these  is  subse* 
quently  divided  by  a  blow  of  the  nammer  on  the  back  of  the  cutter 
into  two  equal  parts  or  massouquettos,  which  are  drawn  out  into 
bars  during  the  first  period  of  the  succeeding  operation. 

Each  charge  requires  six  hours  for  its  conversion  into  malleable 
iron,  but  during  the  last  hour  of  fusion,  those  of  the  labourers  who 
are  not  otherwise  engaged  are  occupied  in  breaking  the  ores 
ready  for  the  next  operation,  and  sifbmg  the  greillade  which  is  to 
be  sprinkled  on  the  surface  of  the  fire. 

The  weight  of  the  lump  of  metal  thus  obtained  varies  from  250 
to  400  pounds,  according  to  the  size  of  the  furnace,  and  the  nature 
cxf  the  ores  treated.  In  the  Pyrenees,  this  quantity  requires  the 
expenditure  of  three  times  its  weight  of  charcoal  in  its  production, 
but  in  the  Palatinate  the  amount  of  friel  consumed  is  frequently 
as  much  as  seven  times  greater  than  that  of  the  metal  produced^ 

The  metal  obtained  by  this  method  consists  of  a  variable  mixture 
of  iron  and  steel,  the  relative  proportions  of  which  are  easily 
reflated  by  the  way  in  which  the  furnace  is  worked ;  for  if  con- 
si&rable  inclination  is  given  to  the  tuyere,  and  the  siftings  are 
plentifully  thrown  on  the  fire,  the  product  is  chie%  iron,  whilst  if 
the  nozzle  be  nearly  horizontal,  and  the  ereiUade  but  sparingly 
supplied,  a  large  product  of  steel  is  the  result. 

In  Corsica,  and  along  the  whole  of  the  Mediterranean  shore  ox 
Italy,  a  iumace  very  sunilar  to  the  Catalan  is  employed  for  the 
direct  production  of  malleable  iron.  The  hearth  of  this  forge  con- 
sists of  a  sort  of  semicircular  basin,  excavated  on  the  top  of  a 
platform,  in  masoniy,  elevated  about  8  feet  from  the  surfiM^  of  the 
workshop,  in  which  it  is  placed.  This  raised  mass  of  stone-work 
varies  from  8  to  10  feet  m  length,  and  has  a  breadth  of  fix>m  5  to 
6  feet.    The  hearth  itself^  which  is  18  inches  in  diameter,  and  6 
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inches  in  depth,  is  formed  in  brasque,  a  mixture  of  charcoal  dust 
and  clay,  and  supplied  with  a  current  of  air,  by  a  nozzle  slightly 
inclined,  in  connection  i^ith  a  water  blowing  machine  or  trompe* 
In  this  arrangement,  although  the  operations  of  roasting,  reduc- 
tion, and  fusion,  are  carried  on  in  the  same  furnace,  they  are 
nevertheless  divided  into  two  distinct  processes,  one  of  which  con- 
sists in  roasting  and  partially  reducing  the  ores,  and  in  the  second 
the  deoxidation  of  the  half  reduced  ore  is  not  only  continued,  but 
its  fusion  and  agglutination  also  effected. ' 

To  arrange  the  furnace  in  order  to  accomplish  the  first  stage 
of  this  process,  a  small  quantity  of  charcoal  in  large  pieces  is 
arranged  around  the  tuyere;  this  is  again  surrounded  with  a 
circle  of  broken  and  calcined  ore  firom  a  previous  operation,  and 
enclosed  in  another  circular  wall  of  ironstone  and  charcoal ;  on  the 
ontside  of  this  enclosure  of  charcoal,  the  ore  to  be  roasted  is  piled 
in  large  lumps,  and  the  whole  aflerwards  covered  with  a  thick  layer 
of  charcoal  dust.  The  lumps  of  unroasted  ore  of  which  the  outer 
circle  is  composed  are  so  arranged  that  the  larger  and  heavier 
masses  are  phiced  at  the  bottom  of  the  heap,  and  firmly  imbedded 
in  the  brasque  of  the  hearth. 

The  smaller  pieces  are  piled  on  this  foundation,  and  slightly 
inclined  towardis  the  cruciole,  in  order  that  being  supported  by 
the  foel  within  the  enclosure,  they  may  be  more  steady  and  less 
liable  to  fall.  The  fire  is  kindled  by  throwing  some  pieces  of 
ignited  charcoal  into  the  inner  circle,  immediately  before  the 
tuyere ;  this  is  afterwards  covered  with  large  pieces  of  black  char- 
coal, and  the  blast  produced  &om  a  water  blowme;  machine  allowed 
to  play  into  the  hearth.  At  the  expiration  of  about  three  hours, 
the  processes  of  roasting  and  reduction  are  completed.  The  inner 
circle  of  roasted  ore  has  now  softened  and  nm  into  lumps,  whilst 
the  outside  wall  of  raw  mineral  is  calcined,  and  ceases  to  give  off 
either  watery  vapour  or  sulphurous  fumes. 

The  fire  is  then  extinguished,  and,  aft;er  diminishing  the  outer 
wall  of  calcined  ore,  and  removing  the  lumps  of  reduced  metal, 
the  furnace  is  prepared  for  the  second  operation.  To  do  this,  the 
hearth  is  entirely  cleared  out,  and  covered  with  a  thick  layer  of 
brasque ;  two  heaps  of  charcoal-dust  are  also  piled  on  either  side  of 
the  furnace,  and  on  the  fuel,  which  is  thrown  into  the  cavity  between 
them,  are  charged  several  pieces  of  the  reduced  metsl  obtained 
from  the  first  o{)eration.  The  blast  is  now  admitted,  and,  by  the 
reaction  of  the  siliceous  matters  present  on  the  unreduced  oxide  of 
iron,  a  very  ftisible  slag  is  produced,  which,  together  with  the 
metal  itself,  soon  becomes  liquid,  and  falls  through  the  ignited  coal 
to  the  bottom  of  the  hearth,  where  it  accumulates.  The  carbon 
combined  with  the  metal  becomes  oxidised  by  thus  passing  at  a 
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high  temperature  before  the  blast  of  the  trompe,  and  the  iroOy 
which  asBimies  a  spongy  form  in  the  lower  parts  of  the  crucible,  is 
at  the  dose  of  the  operation  remoTed  by  an  iron  hook  to  be  forged 
into  bars  under  a  heavy  hammer.  The  slag,  in  proportion  as  it 
accumulates  in  the  basin,  is  let  off  by  the  chio  or  floss-hole,  whilst 
the  furnace  is  constantly  supplied  with  &esh  pieces  of  partially 
reduced  metal. 

Each  lump  or  bloom  thus  manufisustured  requires  three  and  a 
half  hours  for  its  production,  and  weighs  about  4  cwts.  To  make 
this,  10  cwts.  of  ore  and  20  cwts.  of  charcoal  are  employed.  Instead 
of  burning  all  charcoal,  a  mixture  of  that  fuel  witQ  dried  wood  is 
sometimes  used,  particularly  for  the  first  operation,  in  which  the 
roasting  and  partial  reduction  of  the  ore  is  effected.  The  iron 
prepared  in  this  way  is  of  excellent  quality,  being  extremely  soft 
ana  malleable  ;  but  the  product  is,  in  comparison  to  the  quantity 
of  ore  and  fuel  employed,  extremely  small.  The  ore  wnich  in 
Corsica  is  thus  treated  is  a  specular  oxide  of  iron,  yery  similar  to 
that  so  extensively  worked  in  the  island  of  Elba ;  but  although  it 
in  reality  contains  65  per  cent,  of  metal,  40  per  cent,  only  is 
obtained  by  the  Gorsican  process. 

In  some  parts  of  the  Continent  an  apparatus  is  employed  which 
holds  a  middle  place  between  the  low  hearths  of  Catalonia  and 
Corsica  and  the  nigh  blast  furnaces  now  so  generally  adopted  for 
the  production  of  iron  from  its  ores.  These  furnaces,  called 
ituekofen  by  the  G^erman8,  and  by  the  French /oumeoiM?  a  piece j 
are,  in  &ct,  small  cupolas,  of  which  the  height  does  not  ordinarily 
exceed  15  feet,  and  of  which  the  diameter  at  the  hearth  may  be 
about  3  feet.  This  furnace  is  usually  fiumished  with  but  one  arch, 
by  which  the  tuyere  is  introduced,  and  the  extraction  of  the  bloom 
effected.  The  blast  is  supplied  by  bellows  moved  by  a  water- 
wheel,  and  the  slag  escapes  by  a  small  floss-hole  made  at  a  certain 
distance  above  the  bottom  of  the  crucible.  To  remove  the  stiiek 
or  bloom  of  spongy  metal  formed  in  the  hearth,  the  bellows  must 
be  first  removed,  and  a  hole  made  in  the  masonry  of  the  furnace, 
which  is  afterwards  temporarily  closed  by  a  wall  of  bricks  and 
potters*  clay.  This  furnace,  when  filled  up  with  charcoal,  is 
lighted  from  the  tuyere  hole,  and,  when  the  mass  has  been  pro- 
perly ignited,  the  t)last  is  admitted,  and  successive  charges  of 
roasted  minerals  and  fresh  charcoal  supplied  by  the  tunnel-hole. 
At  the  expiration  of  twenty-four  hours,  a  considerable  mass  of 
agglutinated  iron  is  found  to  have  accumtdated  in  the  hearth,  the 
side  of  which  is  now  taken  down  and  the  mass  removed  by  strong 
iron  bars  to  a  heavy  hammer,  where  it  is  reduced  into  a  cake  M 
three  or  four  inches  in  thickness,  and  subsequently  divided  into 
two  equal  parts.    These  pieces  are  afterwards  refined  in  a  small 
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bloomeiy  of  peculiar  form,  where  they  are  held,  by  powerful 
pincers,  exposed  to  the  action  of  a  current  of  air  from  a  nearly 
norizontal  tuyere,  by  which  means  a  portion  of  the  metal  flows 
down  to  the  bottom  of  the  hearth,  where  it  accumulates  in  a 
spongy  mass,  and  is  drawn  out  into  bars  under  a  properly  con- 
structed hammer.  In  Camiola,  where  this  process  is  employed  in 
the  treatment  of  a  granular  oxide  of  iron,  the  mass  taken  from  the 
furnace  at  the  expiration  of  each  twenty-four  hours  amounts  to 
from  18  to  20  cwts.  This  is  afterwards  subdivided  into  smaller 
pieces,  which  are  first  flattened  under  a  heavy  hammer,  and  then 
refined  by  being  exposed  to  the  action  of  a  current  of  air  which 
plavs  into  a  bloomery,  the  bottom  of  which  is  made  of  brasque. 

From  the  great  quantities  of  charcoal  required  to  produce  a 
given  amount  of  malleable  iron,  these  methods  are,  however,  falling 
rapidly  into  disuse,  as  it  is  found  much  more  economical  first  to 
obtain  the  metal  in  the  state  of  cast  iron,  and  subsequently  to 
oxidise  the  carbon  which  it  contains  by  exposure  to  oxidising 
influences,  than  it  is  to  prepare  soft  iron  directly  from  the  ore.  The 
best  iron  manufactured  is  obtained  from  furnaces  in  which  cluuv 
coal  \b  the  only  fuel  employed,  as  the  impurities  which  always 
exist  in  every  variety  of  mineral  combustible  in  a  greater  or  less 
degree  combme  with  the  metal  and  depreciate  its  qimlity. 

For  the  manufiEU^ture  of  Steel,  which  will  be  now  described,  iron 
of  the  best  quality  only  is  employed.  The  iron  most  approved  for 
this  purpose  is  obtained  from  Sweden,  and  marked  with  the  letter 
L  in  a  curcle ;  hence  called  hoop  L.  The  other  varieties  of  Swedish 
iron,  although  superior  to  any  made  in  this  country,  except  the 
Ulverstone  charcoal  iron,  is  not  so  much  esteemed  as  that  from 
Dannemora  thus  marked ;  but  veir  excellent  iron  of  this  kind  is 
manufactured  both  in  Bussia  and  at  Madras,  and  is  largely  im- 
ported into  this  country,  where  it  is  extensively  converted  into 
steel. 
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Steel  principally  differs  from  wrought  iron  in  containing  a 
certain  amount  of  combined  carbon,  and  in  being  suscepti- 
ble of  having  its  hardness  much  increased  by  being  first  strongly 
heated  and  then  suddenly  cooled  in  water.  Steel  is  also  much 
more  brittle  than  ordinary  iron,  but  less  so  than  crude  or 
pig  iron,  which,  besides  containing  a  larger  per-centage  of  carbon, 
IB,  moreover,  to  a  greater  or  less  degree,  combined  with  other 
impurities. 

This  substance  is  prepared  for  the  purposes  of  the  arts  by  two 
different  processes,  of  wnich  one  is  precisely  the  converse  of  the 
other,  as  steel  maybe  made  both  by  causing  oars  of  pure  malleable 
iron  to  absorb  a  proper  amoimt  of  carbon,  and  also  by  effecting 
the  partial  oxidation  of  that  which  exists  in  large  excess  in  some 
of  the  better  kinds  of  cast  iron.  In  this  country  the  former 
method  is  exclusively  adopted,  and  is  known  as  '^  the  process  by 
cementation." 

The  furnace  in  which  this  operation  is  carried  on  is  represented 
in  the  accompanying  woodcut,  fig.  144.  It  consists  of  an  oblong 
rectangular  builcung  divided  into  two  parts  by  a  long  and  narrow 
fire-place,  f,  which  passes  through  its  centre,  and  is  provided  with 
a  door  at  each  extremity,  by  which  the  ^el  is  supphed.  On  each 
side  of  this  is  a  chest  or  trough,  c,  made  either  oi  fire-tile  or  fire- 
stone  grit,  and  so  supported  on  bricks  as  to  allow  of  the  heat  and 
flame  of  the  fire  passmg  beneath  the  troughs  through  the  openings, 
in  connection  with  the  chimnies,  o  o.  By  these  the  smoke  and 
heated  air  escape  from  beneath  the  dome,  k,  which  is  thrown  over 
the  two  stone  cases,  and  the  fire-place  by  which  they  are  heated. 
In  the  brickwork  at  one  of  the  ends  of  these  troughs  openings  are 
left  for  the  purpose  of  introducing  the  wrought  iron  bars  into  the 
furnace ;  and  by  a  larger  aperture  between  the  two  troughs,  which 
is  bricked  up  during  the  working  of  the  apparatus,  the  workmen 
are  enabled  to  enter,  when  it  has  cooled,  either  to  charge  the  bars 
of  iron,  or  remove  the  steel  produced  by  their  cementation. 

The  whole  fiimace  is  built  under  a  conical  hood,  v,  of  from  30 
to  40  feet  in  height,  which  serves  both  to  prevent  loss  of  heat  by 
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radiation,  and  also  to  carry  off  the  smoke  and  gases 
the  combustion  of  the  fuel  employed. 


806 

generated  by 


144. 

The  two  chests  vary  from  8  to  15  feet  in  len^h,  and  from  2  feet 
2  inches  to  3  feet  in  width  and  depth ;  the  sma&er  cases  are  found 
to  produce  steel  of  the  most  uniform  quality,  but  are  less  economi- 
cal worked  than  those  of  larger  size. 

The  depth  of  the  fire-place  depends  both  on  the  nature  of  the 
fuel  employed,  and  also  on  the  dimensions  of  the  cases  to  be 
heated :  the  space  between  these  is  usually  about  a  foot  in  width, 
but  in  some  instances  one  chest  only  is  employed,  and  under 
these  circumstances  it  is  placed  immediately  over  the  grate  on 
which  the  friel  is  consumed.  The  degree  of  heat  applied  is 
regulated  by  opening  or  closing  the  openings  in  the  dome,  and 
limiting  the  amount  of  air  passing  into  the  furnace  through  the 
grate. 

The  cement  is  composed  of  hard  charcoal  very  finely  powdered, 
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to  which  is  added  about  a  tenth  part  of  its  weight  of  ashes,  and  a 
little  common  salt.  The  exact  action  exercised  on  the  heated 
metal  by  the  two  latter  ingredients  is  not  clearly  understood, 
although  it  is  probable  that  the  presence  of  the  salt  may  tend  to 
Yitrify  any  sihceous  particles  contained  in  the  charcoal,  and  pre- 
vent their  entering  into  combination  with  the  iron  under  process 
of  carburisation. 

To  charge  the  troughs,  the  space  between  them  is  covered  over 
with  a  plate  of  sheet  iron,  and  on  this  the  workman  stands  whilst 
he  sifts  a  layer  of  cement  evenly  over  the  bottom,  to  the  thickness 
of  about  an  inch.  This  is  firmly  pressed  down,  and  on  it  are 
regularly  arranged  the  bars  of  iron  which  are  to  be  converted  into 
steel.  These  are,  in  order  to  allow  for  their  expansion,  cut  rather 
shorter  than  the  trough  in  which  they  are  to  be  cemented,  and 
are  placed  on  their  thmnest  edge  with  a  space  of  about  half  an 
inch  between  each  bar.  The  same  space  is  likewise  allowed 
between  the  lateral  bars  and  the  sides  of  the  case,  and  another 
layer  of  cement  is  now  sifted  in,  and,  after  being  equally  spread 
over  the  surface  of  the  metal,  is  firmly  pressed  down,  so  tliat  it 
may  entirely  fill  up  the  interstices  left  between  the  bars,  which,  if 
this  were  not  scrupulously  attended  to,  would,  on  being  heated, 
become  welded  together  m  one  mass.  This  second  stratum  of 
cement  is  about  an  inch  in  thickness,  and  on  its  surface  is  arranged 
another  series  of  bars,  in  such  a  way  that  they  may  each  rest  on 
the  cement  filling  the  spaces  left  between  the  first  layer  in  the 
bottom  of  the  case.  This  is  continued  until  the  case  is  thus  filled 
to  within  three  inches  of  the  top,  when  the  remaining  space  is 
partially  closed  with  old  cement  powdered,  and  afterwards  covered 
over  with  a  thick  layer  of  damp  siliceous  sand.  Sometimes,  in- 
stead of  using  sand,  the  upper  space  is  entirely  filled  up  with  old 
cement,  and  in  this  case  the  top  of  the  trough  is  closely  covered 
over  with  refractory  tiles,  and  the  joints  made  tight  by  the  appli- 
cation of  fire-clay.  SmaU  openings  are  also  left  in  the  centre  of 
the  end  stones  of  the  cementing  troughs :  these  are  for  the  pur^ 
pose  of  from  time  to  time  drawing  out  the  extremity  of  a  bar,  in 
order  to  examine  how  nearly  the  process  has  advanced  towards 
completion.  The  ends  of  these  bars  are  left  projecting  a  little 
beyond  the  cementing  vessel,  and  as  they  correspond  to  small  iron 
doors  fixed  in  the  outer  brickwork,  are  easily  seized  and  drawn  out 
by  a  suitable  pair  of  tongs. 

When  the  furnace  has  been  charged,  and  the  iron  platform 
removed,  a  little  &^  is  thrown  on  the  grate,  and  the  heat  gra- 
dually and  carefully  increased  during  the  first  twenty-four  hours. 
If  this  were  not  attended  to,  the  material  of  which  the  troughs 
are  composed  would  be  liable  to  split ;  and  for  this  reason  the  nre 
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is  carefiilly  conducted  for  a  considerable  time  after  it  has  been 
lighted.  On  the  second  day  the  full  heat  of  the  furnace,  which 
should  be  about  lOO*  of  Wedgewood's  pyrometer,  is  attained,  and 
this  is  remlarly  kept  up  during  the  remainder  of  the  time  occu- 
pied by  the  process.  If  this  be  exceeded,  the  metal  operated  on 
will  be  liable  to  melt  into  one  mass ;  and,  if  not  kept  to  this  tem- 
perature, a  longer  time  will  be  required  to  effect  the  cementation. 
In  proportion  as  the  iron  absorbs  the  carbon  furnished  by  the 
cement  of  the  troughs,  the  greater  is  its  liability  to  melt ;  and, 
consequently,  the  metal  will  be  more  fusible  towards  the  close  of 
the  operation  than  at  its  commencement. 

When  the  cementation  has  attained  the  desired  point,  fuel  is  no 
longer  supplied  to  the  grate,  and  the  furnace  is  allowed  to  cool 
dunng  several  days  before  commencing  to  remove  the  charge. 
On  being  taken  out  of  the  cases,  the  cemented  bars  are  now  found- 
covered  with  numerous  blisters,  caused  by  the  formation  of  gaseous 
products  within  the  substance  of  the  metal,  and  from  this  circum- 
stance the  substance  so  obtained  is  commonly  known  by  the  name 
of  blistered  steel. 

The  time  required  for  the  production  of  steel  of  moderate  hard- 
ness, such  as  that  called  shear  steel,  may  be  reckoned,  on  an 
average,  at  from  six  to  eight  days.  The  softer  kinds,  such  as 
those  employed  in  the  manufacture  of  saws  and  springs,  require  a 
proportionately  shorter  time  for  their  preparation ;  but  the  very 
hard  varieties  of  which  chisels  and  other  cutting  tools  are  com- 
posed, must  be  exposed  to  the  carburisin^  influence  during  two 
or  three  additional  days.  A  furnace  of  this  kind  converts  at  one 
operation  from  eight  to  twelve  tons  of  bar  iron  into  blistered 
steel.  The  steel  thus  obtained  is  found  to  have  absorbed  about 
one-half  per  cent,  of  carbon ;  but,  besides  being  subject  to  nume- 
rous fissures  and  cavities  in  its  surface,  its  composition  is  far  from 
uniform,  and  it  consequently  requires  to  be  repeatedly  faggoted 
and  drawn  out  under  a  tilt  hammer  before  it  can  be  applied  to 
the  manufacture  of  cutlery  and  other  objects  requiring  a  dense 
and  uniform  material.  The  tilt  hammer  employed  for  this  purpose 
weighs  from  160  to  200  pounds,  and  is  worked  by  a  water-wheel, 
on  the  axle  of  which  are  placed  cams,  which,  acting  on  the  tail  of 
the  hammer,  in  rapid  succession  raise  its  head,  and  then  allow  it 
to  fall  heavily  on  the  metal,  which  rests  on  an  anvil  placed  imme- 
diately beneath  it,  and  nearly  on  a  level  with  the  floor  of  the 
workshop  in  which  the  tilting  is  carried  on.  The  workman  who 
holds  the  mass  under  the  hammer,  and  guides  it  so  as  to  be  drawn 
out  iiito  bars  of  the  proper  length  and  thickness,  is  seated  in  a 
cavity  sunk  for  that  purpose  below  the  level  of  the  floor,  on  a 
board  which  is  suspendea  from  the  roof  of  the  building  by  long 
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iron  rods.  The  hammer  employed  makes  from  200  to  300  blows 
er  minute,  and  the  workman  who  is  thus  suspended  is  enabled 
)j  a  slight  impulse  of  his  feet  to  move  the  bar  in  anj  position  he 
may  require  with  the  greatest  possible  ease.  Connectea  with  each 
hammer  is  a  forge  hearth  for  heating  the  bars  of  steel :  this  is 
placed  on  a  raised  mass  of  masonry,  and  is  supplied  with  a  current 
of  air  by  means  of  large  bellows  fixed  just  below  the  roof  of  the 
shop,  and  which  communicate  with  the  tuyere  by  a  copper  pipe. 
These  bellows  are  set  in  motion  by  a  small  crank  attached  to  the 
shaft  of  the  water»wheel,  and  connected  with  the  lower  board  by 
a  stout  wire  acting  on  a  simple  lever. 

The  faggots  of  blistered  steel  are  made  by  binding  in  a  bundle, 
around  a  bar  of  double  that  length,  four  pieces  of  eighteen  inches 
long,  which  are  secured  in  their  places  by  a  small  band  of  wrought 
iron,  which  is  subsequently  removed.  These  faggots  are  placea  in 
the  forge  hearth  until  they  have  attained  a  strong  weldmg  heat, 
when  they  are  sprinkled  with  siliceous  sand,  in  order  to  afford 
them  a  vitreous  covering  of  fusible  iron  slag,  and  placed  under  the 
hammer,  where  they  are  first  welded  together,  and  afterwards 
drawn  out  into  uniform  rods  of  the  size  best  adapted  to  the 
purposes  for  which  they  are  intended  to  be  used.  The  metal 
which  has  been  thus  treated  is  found  to  have  become  much  denser 
and  more  homogeneous  in  its  structure  than  before  it  was  subjected 
to  the  hammer,  and  is,  consequently,  not  only  capable  of  receiving 
a  higher  polish,  but  has  also  acquired  during  the  operati6n  a  con- 
siderable amount  of  tenacity,  malleability,  and  ductility,  which 
much  enhances  its  value  for  the  manufacture  of  knives,  springs, 
and  many  similar  objects.  The  name  of  shear  aieel  has  been 
applied  to  this  commodity,  from  the  circumstance  that  the  shears 
for  dressing  woollen  cloths  are  commonly  made  from  metlJ  which 
has  been  thus  faggoted,  and  afterwards  orawn  into  bars.  Each  of 
the  men  employed  at  the  tilt  hammer  is  assisted  by  two  boys,  who 
take  from  him  the  bars  which  have  been  drawn  out  on  the  anvil, 
and  in  their  place  supply  him  with  Maggots  heated  to  the  weldine 
point  in  the  forge  heartn.  When  the  bars  to  be  worked  are  smaU 
the  heat  acquired  in  the  fire  soon  passes  off,  and  the  metal  which, 
when  first  placed  under  the  hammer,  was  red  hot,  quickly  changes 
to  a  darker  hue.  By  the  rapid  action  of  the  hammer,  the  tempera- 
ture  is,  however,  in  a  short  time  again  raised  sufficiently  to  cany 
on  the  forging  of  the  bar,  and  it  is  a  curious  sight  to  thus  see  a 
piece  of  metal  forged  by  the  heat  developed  by  the  intense  friction 
and  attrition  set  up  between  its  own  atoms.  In  the  neighbour- 
hood of  Shefiield,  where  large  quantities  of  this  steel  are  prepared 
for  the  manufacture  of  cutlery,  it  is  customary  for  the  consumer 
to  buy  the  blistered  steel  in  its  raw  state,  and  afterwards  send 
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it  to  the  tilt  mill,  where  it  is  drawn  into  bars  previous  to  being 
worked  into  knives,  chisels,  scissors,  and  other  cutting  instruments. 
The  loss  on  the  crude  bars  during  this  operation  is  estimated  at 
from  5  to  8  per  cent. 

When,  instead  of  causing  pure  iron  to  combine  with  a  due 
proportion  of  carbon,  steel  is  produced  by  the  partial  decarburisa- 
tion  of  a  superior  kind  of  cast  iron,  the  resulting  product  is  known 
under  the  name  of  natural  steel,  which  for  many  purposes  is  pre- 
ferred to  that  obtained  by  the  process  of  cementation  as  practised 
in  this  country.  This  variety  is  largely  manufactured  m  mauy 
parts  of  Germany,  and  particularly  in  Styna  and  Silesia,  where 
only  the  purest  and  best  description  of  cast  iron  is  employed  in 
its  preparation.  The  crude  iron  best  adapted  for  this  purpose  is 
that  obtained  from  spathose  ores  containing  a  certain  portion  of 
iuanganese,  and  which  present,  when  broken,  a  shining  lamellar 
fracture.  This  iron  is  produced  in  charcoal  furnaces,  and  refined 
in  a  small  bloomery,  similar  to  that  used  in  some  parts  of  the 
Continent,  for  the  production  of  wrought  iron  from  the  crude 
metaL 

•  After  having  filled  the  hearth  with  burning  charcoal,  six  or 
seven  plates  of  lamellar  cast  iron  are  successively  melted  before 
the  blast  of  the  tuyere :  these  plates  are  from  an  inch  to  an  inch 
and  a  half  in  thickness,  and  are  placed  perpendicularljr  in  the 
hearth.  At  the  commencement  of  the  operation,  a  certain  quan* 
tity  of  rich  slag  and  iron  scale  struck  from  the  loupes  by  the  large 
hammer  is  added  to  the  charge,  which,  melting  on  the  surface  of 
the  cast  iron  when  in  a  fluid  state,  assists  in  the  oxidation  of  the 
earbon  which  it  contains. 

When  the  first  plate  is  in  a  perfectly  liquified  state,  and  has 
eollected  at  the  bottom  of  the  crucible,  it  is  at  first  nearly  fluid, 
but  being  there  subjected  to  the  oxidising  influences  of  the  rich 
slags  by  which  it  is  covered,  it  rapidly  loses  a  portion  of  its  com- 
bined carbon,  and  becomes  thickened  into  a  pasty  mass.  At  this 
point  another  plate  is  fused  by  being  brought  directly  before  the 
blast,  and  this  falling  in  drops  to  the  bottom  of  the  hearth,  again 
gives  fluidity  to  the  whole  mass  of  metal  there  accumulated. 
Under  the  united  influence  of  the  blast  and  the  oxidising  slags, 
this  in  its  turn  loses  a  portion  of  its  carbon,  and  becomes  pasty. 
A  third  plate  is  now  melted  in  the  same  way  as  the  two  former 
ones,  but  care  is  taken  that  the  falling  drops  of  liquid  metal  may 
be  received  on  the  centre  only  of  the  molten  mass  which  is  col- 
lected at  the  bottom  of  the  h^Eirth.  The  middle  of  the  loupe  only 
is  now  melted  bv  the  fused  cast  iron,  and  this  is  surrounded  by  an 
annular  ring  of  spongy^  metal  which  does  not  assume  the  liquid 
state.    This  operation  is  repeated  imtil  six  or  eight  plates  of  cast 
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iron  have  been  successively  melted,  at  the  expiration  of  which 
time  from  300  lbs.  to  450  lbs.  of  spongy  iron  will  have  accumulated 
at  the  bottom  of  the  ftimace.  The  scori®  are  at  this  point  of  the 
operation  run  off,  and  the  loupe  is  raised  from  amongst  the  fuel 
by  which  it  is  covered,  and  aivided  into  wedge-shaped  fragments 
by  being  cut  according  to  a  series  of  lines  radiating  from  its  centre 
to  the  circumference.  By  operating  in  this  wav,  the  several 
masses  of  crude  metal  will  be  found  to  have  a  nearly  similar  com- 
position, but  as  the  cake  from  which  they  are  cut  is  itself  far  from 
homogeneous,  the  different  parts  of  the  same  fragment  seldom 
exhibit  precisely  the  same  degree  of  carburisation.  It  conse- 
quently follows  that  these  lapins,  which  are  now  drawn  into  bars, 
will  yield  rods  very  differently  constituted  at  different  points  of 
their  length.  To  remedy  this  defect,  and  to  give  at  the  same 
time  greater  density  to  the  finished  steel,  the  bars  of  rough  metal 
are  now  handed  over  to  the  refiner,  who,  after  having  heated  it  red 
hot,  and  subsequently  cooled  it  bv  plunging  in  cold  water,  raises 
each  bar  by  one  of  its  ends,  and  allows  it  to  fall  heavily  on  an  anvil 
placed  for  that  purpose  on  the  floor  of  the  workshop.  By  this 
treatment  the  most  brittle  part  of  the  bar  is  immediately  detached, 
and  on  striking  a  still  harder  blow  in  the  same  way,  another  and 
less  carburetted  fragment  becomes  broken  off,  whilst  the  lar^r 
portion  which  remains  in  the  refiner's  hands  merely  consists  of  a 
peculiar  steely  iron,  which,  in  many  countries,  is  much  used  for 
forming  the  teeth  of  harrows,  plough-shares,  and  other  agricultural 
implements. 

The  parts  broken  off  by  concussion  are  assorted  according  to 
the  structure  of  the  fractured  ends,  and  are  subjected  to  a  series 
of  manipulations  destined  to  communicate  to  them  greater  density 
and  imiformity  of  composition.  For  this  purpose  care  is  taken  to 
weld  together  a  piece  of  the  hardest  steel,  ana  one  which  is  much 
less  carburetted ;  the  bar  thus  obtained  is  afterwards  heated,  and 
hardened  by  being  plunged  into  water,  and  this  is  again  broken 
as  before  described,  and  subsequently  united  into  one  bar,  and,  if 
necessary,  subjected  to  the  same  process  until  perfect  uniformity 
of  structure  and  composition  has  been  obtained.  It  is  easily  per- 
ceived that  by  this  treatment  the  desired  result  will  be  ultimately 
attained ;  but  this  is  produced  at  a  considerable  expense  of  labour 
and  fuel,  and  is  attended  with  the  loss  of  a  CTeater  or  less  portion 
of  the  crude  steel  employed.  If  this  mode  of  treatment  were 
carried  too  fiir,  it  is  also  evident  that  the  whole  of  the  combined 
carbon  would  be  gradually  removed,  and  the  steel  eventually 
reduced  to  the  state  of  malleable  iron.  To  prevent  this,  the  surface 
of  the  fiig^oted  bars  is  slightly  covered  witn  a  coating  of  fine  day, 
which,  uniting  with  a  small  portion  of  oxide  of  iron,  gives  rise  to 
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the  fonnation  of  a  fusible  slag,  by  which  the  enclosed  metal  is,  in 
a  great  measure,  protected  from  the  oxidising  influences  of  the 
blast.  The  steel  made  by  this  process  is,  when  carefully  prepared, 
of  excellent  quality,  and  is  for  many  purposes  preferrea  to  that 
obtained  by  the  cementation  of  malleable  iron. 

The  preparation  of  steel  is  sometimes  effected  directly  from  the 
ores  in  the  Catalan  furnace  before  described,  and  by  this  pro- 
cess the  whole  of  the  steel  employed  in  many  localities  is  exclu- 
sively manufactured. 

To  prepare  steely  iron  by  the  Catalan  method,  the  founder 
greatly  duninishes  the  quantity  of  sifbings  which  are  usually 
strewed  on  the  fire  during  the  process  of  smelting,  and  takes  care 
to  run  off  the  clinker  very  frequently  in  order  to  diminish  its 
decarburetting  influence  on  the  metal :  he  also  keeps  the  loupe, 
when  formed,  covered  over  with  lighted  charcoal,  which  prevents 
the  blast  from  playing  too  strongly  on  the  spongy  and  partially 
refined  mass.  It  is,  moreover,  known  by  experience  at  what  mo- 
ment the  operation  should  terminate,  and  the  loupe  is  then  cut  into 
lopins,  and  drawn  out  into  bars,  which,  after  bemg  hardened,  are 
broken  on  an  anvil,  and  the  harder  portions  carefuUv  separated 
from  the  more  steely  iron,  which,  from  its  hardness,  is  for  many 
purposes  much  esteemed. 

Although  the  bars  of  steel  may  be  made  to  acquire  a  tolerably 
uniform  density  and  composition  by  repeated  workings  under  the 
hammer  in  the  way  already  described,  yet  this  method  of  obtain- 
ing the  result  is  both  tedious  and  expensive,  and  it  is,  moreover, 
foimd  impossible  to  produce  steel  havmg  a  perfectly  homogeneous 
structure  without  subjecting  it  to  fiision,  at  a  very  elevated  tem- 
perature, in  an  arrangement  properly  constructed  for  that  purpose. 
The  steel  which  is  to  be  ftised,  and  thus  converted  into  coat  steel, 
is  placed  in  a  crucible  made  of  refractory  clay,  which  is  afterwards 
strongly  heated  in  an  ordinary  wind  furnace  in  connection  with  a 
tall  chimney,  by  which  a  strong  natural  draught  is  obtained.  This 
furnace  consists  of  a  square  prismatic  canty,  of  about  one  foot 
on  each  side,  lined  with  good  fire-bricks,  and  having  a  depth  of 
about  two  feet  from  the  surface  of  the  platform  to  the  fire-bars,  by 
which  the  fuel  is  supported. 

Immediately  under  the  cover  is  a  flue,  about  four  inches  by  six, 
for  conducting  the  smoke  and  gases  into  the  chimney :  this  admits 
of  being  closed  by  an  iron  damper,  by  which  the  draught  may  be 
either  regulated,  or,  if  necessary,  entirely  shut  off.  In  most 
instances  several  of  these  furnaces  are  arranged  around  the  walls 
of  the  foimdiT  at  a  height  of  a  few  inches  omy  above  the  level  of 
the  floor,  and  are  so  constructed  that  the  ash-pits,  which  are 
beneath  the  floor,  are  in  communication  with  a  galley  sunk  be- 
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low  the  laboratory,  and  covered  over  with  an  iron  grating,  which 
at  the  same  time  secures  a  firm  footing  for  the  workman  and 
allows  a  free  passage  for  the  air  necessary  to  the  efficient  and 
rapid  combustion  of  the  fuel.  The  crucibles,  which  for  this  purpose 
are  made  of  a  rery  refractory  material,  are  placed  in  the  Airnace 
on  a  sole-piece  of  fire-clay,  and  are  filled  with  pieces  of  blistered 
steel  broken  into  small  fragments,  and  sometimes  protected  from 
oxidation  by  the  addition  of  a  small  quantity  either  of  bottle-glass 
or  furnace  slag. 

The  charge  of  each  crucible  is  about  30  lbs.,  and  the  fuel  en^ 
ployed  for  its  friEdon  is  hard  sonorous  coke  broken  into  pieced 
of  the  size  of  eggs.  At  the  expiration  of  from  three  to  four 
hours,  the  operation  is  completed,  and  the  crucible  being  now 
withdrawn  from  ihe  fire  by  tongs  having  strong  concave  jaws,  the 
BCorifiB  on  the  surface  are  carefrifiy  removed,  and  the  melted  metal 
poured  into  rectangular,  or  eight-sided  moulds  of  cast  iron. 

The  steel  thus  obtained  is  much  denser  and  harder  under  the 
hammer  than  that  made  by  tilting  the  ordinary  blistered  bars  into 
shear  steel ;  it  is  aldo  necessary  to  take  considerable  precautions 
in  forging  tliis  material,  as  at  a  temperature  a  little  above  a  cherry- 
red  heat  it  becomes  so  extremely  brittle  as  to  break  when  struck. 
Cast  steel  may,  however,  be  welded  by  the  interposition  of  a  thin 
film  of  borax  between  the  surfaces  to  be  united,  and  it  may  be 
readily  and  firmly  attached  to  iron  by  placing  a  bar  of  that  metal 
having  one  well-polished  surface  in  the  mould  into  which  the 
liquid  metal  is  poured.  By  this  treatment  the  steel  becomes  per- 
fectly united  to  the  polished  surface  of  the  iron  bar,  and  is  so  finnlv 
attached  as  to  admit  of  both  being  rolled  out  together  into  xooa 
of  any  given  dimensions.  The  two  metals,  when  thus  united,  are 
frequently  emj^loyed  for  the  manufacture  of  chisels,  plane-irons, 
and  other  cutnng  instruments,  in  which  the  cutting  edge  being  of 
steel,  and  the  opposite  side  of  iron,  the  hardness  of  the  one  and 
the  toughness  of  the  other  are  successfully  combined. 

A  variety  of  cast  steel  known  by  the  name  of  Wootz,  or  Indian 
steel,  is  prepared  by  the  natives  of  that  country  by  the  treatment 
of  a  very  pure  ore  consisting  almost  entirely  of  magnetic  oxide 
of  iron. 

This  ore,  when  extracted  from  the  mine,  is  contaminated  with  a 
certain  quantity  of  siliceous  and  earthy  matters,  from  which  it  is 
separated  by  a  process  of  winnowing  principally  carried  on  by 
women,  who  are  extremely  dexterous  m  this  art.  The  furnace  in 
which  these  ores  are  melted  is  entirely  composed  of  refinctory 
clay,  and  is  from  four  to  five  feet  in  height.  Its  shape  is  that  of  a 
truncated  cone,  its  internal  diameter  at  the  bottom  being  about 
two  feet,  whilst  the  upper  extremity,  or  tunnel-hole,  is  not  above 
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one  foot  across.  A  farnace  of  this  kind  requires  but  a  few  hours 
for  its  erection,  and  is  usually  sufficiently  dry  on  the  following 
day  to  admit  of  being  at  once  set  in  active  operation.  It  is  now 
filled  with  charcoal,  which  is  i^ted  b^  the  tuyere-hole  near  the 
bottom,  and  a  current  of  air  is  supphed  by  a  pair  of  sheep-skin 
bellows,  of  which  the  bamboo  nozzles  are  united  in  a  tube  roughly 
made  of  fire-clay. 

When  the  combustion  going  on  within  the  furnace  is  considered 
sufficiently  active,  a  portion  of  the  ore,  slightly  moistened  with 
water,  is  added  on  the  top  of  the  fuel,  and  another  layer  of  charcoal 
again  spread  on  its  siirfiice. 

The  operation  is  carried  on  in  this  way  with  successive  charges 
of  ore  and  charcoal  during  three  or  four  consecutive  hours ;  at 
the  end  of  that  time  the  bhwt  is  stopped,  and,  after  opening  the 
front  of  the  furnace  by  destroying  a  portion  of  the  clay  wall,  the 
bloom  is  removed  by  a  pair  of  heavy  iron  tongs.  The  mass  is 
subsequently  beaten  with  heavy  wooden  mallets  to  express  as  much 
as  possible  of  the  slag,  and  after  being  cut  into  two  parts  to 
expose  the  nature  of  the  metal,  is  sold  to  the  native  smiths,  who 
make  it  into  bar-iron. 

To  convert  this  iron  into  steel,  the  natives  heat  it  in  crucibles 
made  of  refractory  clay  mixed  with  a  large  quantity  of  rice-husk^ 
and  in  these  is  placed,  together  with  the  metal  to  be  converted,  a 
certain  portion  of  finely-chopped  wood,  for  which  purpose  the 
Coma  auriculata  is  commonly  preferred.  The  quantity  ot  iron  put 
into  each  crucible  does  not  usually  exceed  a  pound  in  weight,  and^ 
after  covering  the  pots  with  one  or  two  green  leaves  of  the  Con* 
volmluB  laurtfoliusy  they  are  firmly  closed  with  a  little  wetted  day, 
and  placed  in  the  sun  to  dry. 

When  the  clay  plugs  have  become  sufficiently  hardened,  from 
20  to  24  of  these  crucibles  are  built  in  an  arched  form  on  the 
bottom  of  a  small  blast-furnace,  and  strongly  heated  during  from 
two  to  three  hours  with  a  blast  produced  as  before  described.  At 
the  expiration  of  this  time,  the  conversion  is  considered  to  be  com- 
pletely effected ;  the  furnace  is  then  allowed  to  cool  down,  and 
the  crucibles  are  removed  and  severally  broken,  when  the  steel  is 
found  in  the  form  of  a  rounded  button  occupying  the  bottom  of 
each  pot.  The  metal  thus  prepared  is,  for  the  purposes  of  the 
finer  kinds  of  cutlery,  preferred  to  the  best  specimens  of  English 
cast  steel  manufactured  from  selected  Swedish  bar-iron. 

If  a  bar  of  steel  be  first  strongly  heated,  and  then  allowed  to 
oool  veiy  gradually,  it  becomes  almost  as  soft  as  ordinary  iron, 
and  in  this  state  admits  of  being  filed,  cut,  or  turned  with  the 
same  facility.    But  if,  after  being  thus  made  red  hot,  it  be  aud- 
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denly  cooled  by  being;  plunged  into  water,  or  any  other  liquid,  it 
becomes  extremely  hard  and  brittle,  and  is  then  said  to  be 
hardened.  Steel  thus  treated  is  found  to  possess  a  lower  specific 
gravity  than  before  being  hardened,  but,  on  being  again  heated, 
and  allowed  to  cool  down  gradually,  its  original  softness  and 
malleability  are  restored. 

In  manufacturing  objects  of  steel,  the  metal  is  worked  into  the 
required  form  when  in  the  soft  state,  and  is  subsequently  hardened 
by  being  strongly  heated,  and  then  suddenly  cooled  by  immersion 
in  cold  water. 

In  doing  this,  however,  it  is  found  extremely  difficult  to  arrive 
at  the  exact  degree  of  hardness  best  fitted  for  the  purpose  to 
which  the  instrument  is  to  be  applied,  and  it  is  therefore  cus- 
tomary, in  such  cases,  to  give  to  the  metal  in  the  first  instance  a 
considerable  degree  of  hiffdness,  and  afterwards  render  it  more 
elastic  and  coherent  by  an  operation  called  tempering,  or  annealing, 
in  which  the  workman  is  entirely  guided  by  the  various  colours 
assumed  by  the  surface  of  the  metal  during  the  progress  of  the 
operation.  These  tints,  some  of  which  are  extremely  brilliant,  are 
occasioned  by  very  thin  films  of  oxide  correspondmg  with  con- 
siderable exactitude  to  the  degree  of  heat  to  which  the  metal  is 
exposed,  and  consequently  serve  as  a  tolerably  accurate  guide  in 
determining  the  state  of  hardness  to  which  the  object  haa  been 
reduced. 

The  following  colours  will  appear  in  succession  on  the  sui&ce 
of  a  plate  of  Iwrdened  and  polished  steel  when  exposed  to  a  pro* 
gressive  heat.  A  piece  of  polished  and  hardened  steel,  suDse- 
qfiently  heated  to  430^  Fahr.,  has  a  faint  yellow  colour,  and  is  well 
suited  for  lancets  and  other  instruments  requiring  an  extremely 
fine  edge.  When  tempered  at  450^,  a  faint  straw  colour  tint  is 
obtained,  which  is  well  adapted  for  razors  and  surgeons'  ampu- 
tating knives.  Steel  seasoned  at  470"^  is  of  a  full  yellow  colour; 
this  is  tougher  than  the  above,  and  is  the  tint  to  which  pen-knives 
are  usually  tempered.  At  490^  it  acquires  a  brownish  yellow  tint, 
which  is  the  colour  best  fitted  for  cold  chisels  and  shears  for 
cutting  metals. 

Axes  and  plane>irons  are  tempered  at  about  510°  Fahr.,  which 
developes  a  orown  shade  intermixed  with  purple  spots.  For 
table-knives  and  cloth  shears,  a  temperature  of  530^  is  employed, 
which  gives  a  purple  colour  to  the  metal  so  treated.  For  swords 
and  watch-sprmgs  the  metal  is  allowed  to  cool  when  of  a  bright 
blue  colour :  this  tint  very  nearly  corresponds  with  a  temperature 
of65(y»Fahr. 

When  heated  to  560%  steel  assumes  a  fine  blue  cobur,  and  is 
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at  this  stage  well  adapted  for  small  shears  and  ordinary  chisels. 
At  600°  it  takes  a  da^  blue  coloxir,  which  is  that  best  fitted  for 
large  saws,  the  teeth  of  which  require  to  be  bent  hy  a  hammer. 

U,  when  the  folate  has  assumed  an^  one  of  these  colours,  it  be 
allowed  to  cool,  it  will  be  found  to  still  retain  that  tint,  which  will, 
at  the  same  time,  correspond  to  the  degree  of  hardness  imparted 
to  the  instrument  thus  tempered. 

In  order  to  reduce  the  nardness  of  steel  which  has  been  too 
highlj  carburised,  or  remove  the  excess  of  carbon  united  with  the 
exterior  portion  of  a  bar  of  that  metal,  and  consequently  render  its 
composition  more  nearly  identical  throughout  its  whole  substance, 
it  is  merely  necessair  to  expose  it  for  a  certain  period  to  a  cement- 
ing heat  when  imbedded  in  finely-powdered  oxiae  of  iron,  or  oxide 
of  manganese.  In  this  way  the  oxygen  of  the  oxide  gradually 
consumes  the  excess  of  carbon  present,  and  if  allowed  to  remain 
exposed  to  this  action  for  a  sufficient  length  of  time,  the  steel  first 
becomes  externally  converted  into  soft  iron,  and  subsequently 
loses  all  its  steely  properties.  A  method  of  treatment  analogous 
to  this  is  sometimes  employed  for  the  decarburisation  of  ordinaiy 
cast  iron,  which,  from  the  facility  with  which  it  may  be  cast  into 
any  desired  form,  possesses  certain  advant^es  over  malleable  or 
wrought  iron,  which  can,  by  forging  alone,  be  worked  into  shape. 
Stirrups,  bits,  buckles,  and  other  objects,  are,  therefore,  after 
beins  made  of  cast  iron,  occasionally  transformed  into  malleable 
metal  by  a  process  of  decarburisation  analogous  to  that  above 
described. 

Steel,  on  being  moistened  with  a  drop  of  dilute  nitric  acid, 
yields  a  dark-gre^  spot,  whilst  that  obtained  on  malleable  iron 
when  so  treated  is  of  a  green  colour ;  and  this  test  consequently 
affords  a  ready  means  of  distinguishing  between  the  two  forms  of 
this  metal. 

The  cementation  of  steel  may  also  be  effected  by  exposing  the 
metal  at  a  proper  temperature  to  the  action  of  carburettea  hydrogen 
gas,  and  on  this  principle  a  patent  was  some  time  since  obtained ; 
but  although  the  steel  thus  produced  is  of  excellent  quality,  the 
process  nevertheless  does  not  appear  to  be  capable  of  economical 
application,  and  has  conseouently  fallen  into  disuse. 

The  experiments  of  Stoaart  and  Faraday  have  shown  that  when 
steel  is  fused  with  either  platinum,  silver,  rhodium,  or  iridium,  its 
hardness  becomes  much  mcreased  by  the  addition  of  but  very 
small  Quantities  of  these  metals ;  but  such  alloys  have  never  been 
applied  to  the  manufacture  of  ordinary  cutlery,  and  are,  conse- 
quently, rather  matter  of  scientific  interest  than  of  commercial 
importance. 

Keys  and  other  objects,  such  as  the  locks  of  guns  and  various 
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small  tools  liable  to  become  worn  by  friction,  are  sometimes  ex- 
ternally converted  into  steel  bj  a  process  of  cementation  which  is 
arrested  when  the  operation  is  supposed  to  be  sufficiency  ad- 
vanced. Such  articles  are  said  to  be  caae-hardened,  and  are  still 
internally  composed  of  malleable  iron. 

The  damaskmg  •  of  steel,  by  which  its  surfi^se  is  covered  by  a 
variety  of  figures  resembling  the  water  lines  on  some  kinds  of 
silks,  is  produced  by  repeatedly  drawing  out  and  subsequently 
doubling  up  and  welding  together  a  bar  composed  of  a  mixture  of 
steel  and  uron.  When  an  mstrument,  such  as  a  bayonet  or  gun 
barrel,  made  of  this  metal,  is  washed  with  a  weak  acid  solution,  its 
surface  becomes  in  a  greater  or  less  degree  unequally  attacked, 
and  this  gives  rise  to  peculiar  wavy  figures,  such  as  those  which 
may  be  observed  on  the  once  celebrated  sword-blades  of  Damascus* 

Analysis  of  Steel  and  Cast  Iron. — ^Both  steel  and  cast  iron 
essentially  consist  of  variable  compounds  of  iron  and  carbon ;  but 
they  also  contain  a  certain  amount  of  other  substances,  such  as 
silicum,  sulphur,  phosphorus,  and  manganese,  and  I  shall  now 
briefly  describe  one  of  the  more  efficient  methods  by  which  these 
bodies  may  be  successively  separated  from  each  other,  and  subse*- 
quently  estimated. 

The  carbon  contained  in  ordinary  cast  iron  may  either  exist  in 
the  form  of  free  disseminated  carbon,  or  in  a  state  of  chemical 
Combination  with  the  iron  itself.  It  is  therefore  necessary,  in  all 
analyses  of  these  substances,  to  be  enabled  to  distinguish  between 
the  amount  of  carbon  so  combined,  and  that  which  is  only  disse- 
minated in  a  plumbaginous  form.  The  quality  of  pig  iron  is  also 
materially  affected  by  the  presence  of  even  minute  quantities  of 
either  sulphur  or  phosphorus,  and  it  is  consequently  necessary  to 
be  enabled  to  detect  and  estimate  these  bodies  with  a  considerable 
degree  of  accuracy.  In  this,  as  in  most  other  analytical  opera- 
tions, it  is  first  necessary  to  reduce  the  substance  to  be  examined 
to  the  state  of  a  very  finely  divided  powder,  in  order  that  the 
various  reagents,  to  the  action  of  which  it  is  to  be  subjected,  may 
the  more  readily  be  enabled  to  produce  the  required  modifications. 

If  grey  pig  iron  of  good  quality  is  to  be  examined,  it  will  be 
found  to  yield  readily  to  the  action  of  a  new  and  well-tempered 
file,  and  the  detached  particles  may  be  afterwards  passed  through 
a  sieve  of  ^e  gauze,  in  order  to  separate  the  coarser  fragments. 
When  white  cast  iron  is  to  be  analysed,  it  will,  from  its  extreme 
hardness,  be  found  impossible  to  reduce  it  to  powder  by  this  means, 
as  it  not  only  almost  entirely  resists  the  action  of  the  file,  but  the 
filings  so  obtained  would  to  a  considerable  extent  be  contaminated 
by  the  particles  rubbed  off  from  the  file  itself.  In  this  case  the 
best  method  of  reducing  the  metal  to  the  required  state  of  minute 
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divisioD,  is  to  subject  it  to  the  repeated  blows  of  a  mallet  or  heavy 
hammer  when  placed  in  a  cast-steel  mortar  of  the  kind  employed 
for  crushing  some  of  the  harder  description  of  minerals,  and  after- 
wards passing  the  pounded  metal  through  a  gauze  sieye  to  separate 
those  particles  which  have  not  been  sufficiently  reduced  in  size. 
The  powder  obtained  in  this  way  may  be  analysed  by  several  diffe« 
rent  methods,  all  of  which  are  capable  of  yielding  results  of  consi- 
derable accuracy ;  but  none  of  these  will  be  either  more  accurate 
or  more  readily  performed  than  the  following : — 

The  pulverised  iron  to  be  examined  is  divided  into  three  distinot 
portions.  In  the  first,  is  determined  the  total  quantity  of  carbon 
present  in  the  iron.  In  the  second,  the  sulphur  and  phosphorus 
are  estimated.  And  in  the  third,  are  determined  the  whole  of  its 
other  constituents,  with  the  exception  of  that  portion  of  its  carbon 
which  exists  in  a  chemically  combined  state. 

Beterininatloii  of  Carbon. — For  this  purpose  from  30  to  40 
grains  of  the  finely  divided  iron  should  be  rubbed  for  a  considera- 
ble time  in  an  agate  mortar,  along  with  about  its  own  weight  of 
hard  white  sand,  which  has  been  previously  mixed  with  a  little 
oxide  of  copper,  and  ignited  to  destroy  any  adhering  traces  <^ 
organic  matter.  When  an  almost  inpalpable  powder  has  been 
thus  obtained  (care  being  taken  to  prevent  any  loss  by  placing  a 
sheet  of  highly  glazed  paper  beneath  the  mortar),  it  is  mixed  with 
from  six  to  eight  times  its  weight  of  fused  chromate  of  lead,  and 
introduced  with  the  usual  precautions  into  a  combustion  tube,  at 
the  extreme  point  of  which  are  placed  a  few  grains  of  perfectly 
dry  chlorate  of  potash.  The  combustion  is  now  to  be  conducted 
in  the  ordinary  way,  and  the  carbonic  acid  produced,  after  passing 
through  a  chloride  of  calcium  tube,  is  collected  and  weighed  in  a 
Liebig's  apparatus,  containing  a  solution  of  caustic  potash  of  the 
specific  gravity  of  1*28.  Nitrogen  has  hitherto  never  been  found 
in  any  of  the  varieties  of  cast  iron,  but  m&j  be  sought  for,  and  if 
present,  estimated  by  mixing  the  powderea  metal  with  soda-hme, 
and  recovering  the  products  of  combustion  in  a  dilute  solution  of 
hydrochloric  acid  contained  in  a  Will  and  Varrentrapp  apparatus. 
The  amount  of  chloride  of  ammonium  found,  if  nitrogen  be  pre- 
sent, will  be  estimated  in  the  usual  way,  and  from  it  the  per-centage 
of  nitrogen  present  is  readily  deduced. 

BetenDlnatloii  of  Snlptanr  and  Pliosplionis. — The  iron  reduced 
to  fragments  is  treated  with  fuming  nitric  acid,  and  gently  warmed, 
when  it  becomes  rapidly  attacked,  with  the  evolution  of  copious 
frimes  of  nitrous  acid,  which  will  not,  however,  contain  any  traces 
of  sulphuretted  hydrogen  gas.  The  solution  is  now  evaporated  to 
dryness,  and  the  dry  mass  subsequently  treated  with  very  dilute 
by  drochloric  acid.    To  a  little  of  the  filtered  solution  a  few  drops 
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of  chloride  of  barium  are  added ;  and  if,  after  standing^  for  several 
hours,  any  precipitate  or  cloudiness  appears,  the  whole  of  the 
filtrate  is  treated  in  the  same  manner,  ana  the  sulphate  of  baryta 
deposited,  after  being  collected  in  a  filter,  washed,  dried,  and  cal- 
cined, affords  the  data  from  which  the  per-centage  amount  of 
sulphur  contained  in  the  metal  may  be  readily  calculated.  The 
excess  of  baryta  is  subsequently  removed  &om  the  solution  by  the 
addition  of  a  sufficient  quantiiy  of  sulphuric  acid,  and  tartrate  of 
ammonia  is  then  added  to  the  amount  necessary  to  prevent  the 
precipitation  of  the  iron  by  ammonia,  which  is  at  this  stage  of  the 
operation  to  be  added  in  considerable  excess,  and  a  current  of  sul- 
pnuretted  hydrogen  passed  through  the  solution  during  several 
hours.  The  liquor  is  now  allowed  to  remain  in  a  warm  place  until 
it  assumes  a  clear  light-yellow  colour,  when  it  is  quickly  filtered, 
and  the  precipitate  washed  with  distilled  water  containing  a  little 
sulphide  of  ammonium.  The  filtrate  is  at  this  point  to  be  eva- 
porated to  dryness,  the  ammoniacal  salt  driven  off  by  ignition, 
and  the  residue,  consisting  of  phosphoric  acid,  together  with  minute 
portions  of  lime,  alumina,  and  the  alkalies,  is  foised  in  a  platinum 
crucible  with  a  small  quantity  of  the  mixed  carbonates  of  potash 
and  soda.  The  fused  mass  is  then  dissolved  in  hydrochloric  acid, 
and  the  phosphoric  acid  determined  in  the  usual  way  as  ammonio- 
phosphate  of  magnesia.  Instead  of  operating  in  the  manner  above 
described  for  the  estimation  of  the  sulphur,  this  body  may  be 
detected,  and  its  weight  determined,  by  slowly  dissolving  the  iron 
in  weak  hydrochloric  acid,  and  aUowmg  the  hydrogen  gas  which 
is  then  evolved  to  pass  through  a  somewhat  acid  solution  of  acetate 
of  lead.  Should  any  sulphur  be  present  in  the  metal,  it  will  by 
this  treatment  be  converted  into  hydrosulphuric  acid,  which,  com- 
bining with  the  metal  of  the  lead  solution,  forms  a  sulphuret,  from 
the  weight  of  which  the  per-centage  of  sulphur  present  may  be 
deduced.  In  this  experiment  the  metal  should  be  acted  on  with 
extreme  slowness ;  m)m  ten  to  fifteen  days  being  required  to  dis- 
solve the  necessary  quantity  of  cast  iron,  from  eight  to  ten  days 
for  steel,  and  about  four  days  for  common  wrought  iron.  Tms 
process,  though  much  more  tedious  and  not  more  accurate  than 
that  above  given,  may  in  some  instances  be  advantageously  em- 
ployed for  the  purpose  of  checking  the  results  obtained  from  the 
attack  by  nitric  acid  and  the  subsequent  precipitation  of  the  sul- 
phur in  the  form  of  sulphate  of  baryta. 

Bstlmatioii  of  tlie  iJiieoiiililiied  Carbon,  Metals,  Silica,  Lime,  ftc 
— ^Another  portion  of  the  pulverised  metal  which  should  also  weigh 
from  80  to  40  grains,  is  now  placed  in  a  small  glass  flask,  and 
treated  with  dilute  hydrochloric  acid,  which,  on  being  gently 
wanned,  will  in  the  course  of  a  few  hours  dissolve  the  iron,  leaving 
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black  flakes  and  particles  of  a  dark  colour  floating  in  the  liquid. 
These  are  collected  on  a  filter,  dried  at  212°,  and  of  which  the 
weight  has  been  noted,  and  after  well  washing  and  subsequently 
drying  the  precipitate,  the  increase  of  weight  will  represent  the 
amount  of  uncombined  carbon,  together  with  very  minute  traces 
of  the  silicates  of  the  oxides  of  iron  and  lime.  The  silica,  iron,  &c.| 
of  this  mixture,  are  determined  by  fusing  it  with  nitrate  of  potash^ 
mixed  with  twice  its  weight  of  pure  carbonate  of  soda ;  and  on  the 
separation  of  the  iron,  lime,  and  other  earthy  matters,  the  amount 
of  carbon  will  correspond  to  the  loss  of  weight  experienced.  To 
check  these  results,  however,  the  flocculent  residue  may  be  collected 
by  filtration  through  a  piece  of  asbestos  placed  in  the  throat  of  a 
funnel,  which,  after  being  dried,  may  be  acted  on  by  chromate  of 
lead  or  oxide  of  copper,  according  to  the  method  usually  employed 
for  organic  analysis.  If  the  experiment  be  carefully  conducted, 
the  results  obtained  by  these  two  methods  will  be  found  to  agree 
very  closely.  The  iron  obtained  in  this  way  is  added  to  the  filtrate 
from  the  first  solution,  and  the  carbon  found  in  the  deposit  (which 
may  for  the  sake  of  distinction  be  designated  6),  on  being  de« 
ducted  from  the  total  (quantity  present,  as  found  by  the  combustion 
above  described,  will  give  the  quantity  of  combined  carbon,  which 
may  be  called  a.  The  filtered  liquid  and  washings  are  now  eva- 
porated to  dryness,  and  again  treated  with  dilute  acid,  by  which  a 
minute  portion  of  silica  is  left  undissolved ;  this,  after  being 
ooUectea  on  a  filter,  is  added  to  that  already  found  in  the  black 
deposit,  and  the  two  are  estimated  together.  A  small  quantity  of 
the  solution  should  at  this  stage  of  the  analvsis  be  treated  with 
sulphuretted  hydrogen  gas ;  and  if  a  dark-coloured  precipitate  be 
obtained,  the  whole  of  the  filtrate  should  be  acted  on  in  the  same 
way.  When  a  dark  deposit  is  thus  obtained,  it  must  be  separated 
by  filtration,  and  the  metals  which  it  contains  determined  oy  the 
ordinary  course.  If,  however,  as  is  generally  the  case,  the  small 
quantity  of  liquor  thus  treated  gives  no  other  than  a  milk-white 
precipitate  of  sulphur,  it  is,  after  being  carefully  freed  from  the 
precipitate  bv  filtration,  returned  to  the  main  solution.  Nitric 
acid  IS  now  aaded  to  the  filtrate,  which  is  boiled  until  the  whole  of 
the  iron  is  peroxidised;  ammonia  is  added  gradually  until  the 
solution  only  faintly  reddens  litmus,  and  the  greater  portion  of  the 
iron  is  thereby  precipitated  in  the  form  of  peroxide.  The  last 
traces  of  this  metal  are  separated  bv  the  addition  of  a  little  neutral 
benzoate  of  ammonia,  and  from  the  weight  of  peroxide  of  iron 
found  the  amoimt  of  the  metal  originally  present  is  deduced.  After 
the  weight  of  the  oxide  of  iron  has  been  obtained,  a  portion  of  it 
may  be  tested  for  minute  traces  of  chromium  and  alumina,  by  dis- 
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BolTing  it  in  hydrochloric  add,  and  precipitating  with  caustic  potaah 
in  excess.  The  quantities  of  these  substances  are  commomy  ex- 
tremely minute ;  and  if  an  excess  of  ammonia  has  not  been  added 
before  treating  with  the  benzoate  of  that  alkali,  the  iron  precipi- 
tate will  not  contain  any  traces  of  the  oxide  of  manganese.  Before 
proceeding  to  separate  the  manganese,  the  solution  and  washings 
are  to  be  evaporated  to  dryness,  and  the  salts  of  ammonia  driven 
off  by  ignition  to  redness.  After  being  thus  treated  the  deposit 
has  always  a  brown  colour,  from  the  presence  of  the  peroxide  of 
manganese,  and  it  must  now  be  dissolved  in  a  few  drops  of  hydro- 
chloric acid,  and  after  the  addition  of  a  little  ammonia,  and  after- 
wards sulphide  of  ammonium,  it  is  allowed  to  stand  for  several 
hours,  and  is  then  gently  warmed.  The  sulphuret  of  manganese 
thus  deposited  is  collected  on  a  filter,  and  may  either  be  converted 
into  sulphate  of  manganese,  or  dissolved  in  hydrochloric  acid,  and 
subsequently  deposited  in  the  form  of  carbonate,  and  weighed  as 
the  red  oxide  of  that  metal.  The  solution  fr*om  which  the  manga- 
nese has  been  thus  separated  is  now  freed  from  sidphide  of  ammo- 
nium by  boiling :  the  lime  is  precipitated  in  the  form  of  oxalate  by 
the  adcUtion  of  oxalate  of  ammonia.  From  the  weight  of  carbonate 
of  lime  obtained  from  the  ignition  of  this  salt,  the  amount  of  lime 
is  readily  deduced,  and  fit)m  this  is  calculated  the  quantity  of  cal- 
cium originally  present  in  the  sample  of  metal  analysed.  K  any 
magnesium  was  contained  in  the  compound  examined,  its  presence 
may  now  be  detected  by  the  addition  of  a  few  drops  of  a  solution 
of  phosphate  of  soda  to  the  filtrate  frt)m  the  oxalate  of  lime ;  but 
this  body  has  never  yet  been  found  in  sufficient  quantity  for  esti- 
mation, as  traces  only  of  this  metal  appear  to  enter  into  combina- 
tion with  the  iron. 

The  presence  or  absence  of  magnesia  in  the  compound  having 
been  established  by  qualitative  analysis,  it  will  in  most  instances 
be  found  to  be  so  small  in  quantity  as  to  be  safely  neglected  in  the 
quantitative  determinations,  and  tne  solution  from  which  the  Ume 
has  been  separated  may  at  once  be  evaporated  to  dryness,  and 
ignited  to  obtain  the  aJkalies  in  the  form  of  chlorides,  in  which 
state  they  are  weighed.  On  dissolving  these  in  a  little  water,  and 
afterwards  adding  a  few  drops  of  bichloride  of  platinum  to  the 
solution,  the  potash  is  separated  in  the  usual  manner  and  weighed, 
and  on  deducting  the  weight  of  chloride,  of  pota«sium  from  that  of 
the  mixed  chlorides  as  obteined  by  direct  experiment,  the  amount 
of  chloride  of  sodium  is  readily  deduced. 

The  following  table  indicates  the  per^centage  composition  often 
specimens  of  cast  iron  analysed  by  Mr.  Wrightson,  who  employed 
in  his  investigations  the  methods  above  described.    These  speci- 
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mens  were  made  from  the  South  Staffordshire  iron  ores,  principally 
occurring  in  the  districts  lying  to  the  west  of  the  Dudley  coal 
field. 

Ait ALYSES  OF  Ten  Specimens  of  Cast  Ibon,  made  tboh  South 
Staffoedshhub  Ibok  Obe,  chiefly  West  of  Dudley. 

Ibon  fbom  Cold  Blast. 


I. 

m. 

IV. 

V. 

Iron     .    .    . 

9410 

96-57 

94-58 

94-42 

Combined  Car- 

bon (a) 

1.87 

0-95  ^ 

) 

Uncombined 

( 

'    C                 C 

Carbon(d) . 

1-92 

1-67  \ 

'1-98    3-7l»2-73    4  05 

SOioi   .    .    . 

1-30 

0-51  , 

) 

Manganese    . 

112 

116 

0-33 

0-94 

Cobalt.     .    . 

trace 

— 

— 

trace 

Chromium    . 

trace 

— 

— 

— 

Calcium    .    . 

005 

trace 

0-25 

0-16 

Sodium     .    . 

016 

trace 

0-30 

034 

Potassium 

trace 

0-42 





Sulphur    .    . 

trace 

Oil 

0-06 

trace 

Phosphorus  . 

0-21 

0-36 
101-75 

003 

0-36 

100-73 

99-20 

100-27 

Ibok  fbom 

Hot  Blast. 

I. 

n. 

m. 

IV. 

V. 

VI. 

Iron     .    .    . 

89'68 

92  98 

93-84 

92-90 

95-23 

95-80 

Qurbon     " 

C 

C 

c           c 

r 

'C(a)  1-77 

2-72 

Carbon       >  . 

3  27  7-93 

311  6-51 

2-98  5-54    0-87  6-83    -! 

C{b)  0-49 

0-26 

Silica,  &c.  ^ 

I 

0-31 

0-11 

Manganese    . 

171 

1-30 

0-72 

0  62 

0-34 

0-54 

Calcium    .    . 

Oil 

trace 

0-34 

006 

010 

0-06 

Sodium     .    . 

0-41 

0-37 

0-39 

030 

019 

014 

Potassium     . 

— 

— 

trace 

trace 

— 

— 

Sulphur    .     . 

0-07 

trace 

minute  trace 

trace 

trace 

trace 

Phosphorus  . 

0-64 

lost 

007 

0-40 

0-12 

0-37 

100  80 

10119 

100-90 

101-11 

98-55  10000 

A  very  small  amount  of  phosphorus  is  found  to  impart  to  iron 
a  great  degree  of  brittleness ;  when  bar  iron  contains  but  0-5  per 

•  The  figures  3*71  in  No.  IV.  (cold  blast),  as  well  as  in  the  corresponding 
figures  in  No.  V.  (also  cold  blast),  and  Nos.  I.  II.  ITT.  IV.  (hot  blast), 
indicate  the  per-oentage  of  substances  separated  and  weighed  on  the  filter,  con- 
sisting, with  the  exception  of  No.  IV.  (hot  blast),  principally  of  silica,  with  the 
oxides  of  iron  and  lime,  which  were  not  in  these  instances  separately  estimated. 
The  figures  marked  C,  on  the  left  of  the  columns,  indicate  the  entire  amount 
of  carbon,  both  combined  and  uncombined,  oontaiDed  in  the  iron  examined. 
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cent,  of  this  substance,  it  becomes  cold  short;  but  when  a 
smaller  quantity  is  present,  it  has  only  the  effect  of  hardening  the 
metal,  without  materially  influencing  its  other  properties.  The 
presence  of  sulphur  in  wrought  iron  causes  it  to  oreak  with  great 
iacility  when  heated  ;  and  when  bar  iron  contains  no  more  than 
00001  of  this  body,  it  becomes  extremely  difficult  to  work  at  a 
welding  heat.  Wrought  iron  of  ordinary  quality  may  contain 
about  0-25  per  cent,  of  carbon  without  bemg  rendered  steely 
and  capable  of  being  hardened  by  sudden  cooling  in  water ;  but 
when  it  is  contaminated  with  from  0*50  to  0*60  per  cent,  of  its 
weight  of  this  substance,  it  exhibits  many  of  the  peculiar  proper- 
ties of  steel,  and  emits  sparks  on  being  smartly  struck  with  a  flint. 
The  quantity  of  carbon  necessary  to  render  iron  steely,  is,  howeyer, 
in  a  great  measure  dependent  on  the  purity  of  the  metal  itself,  as, 
when  it  contains  a  small  proportion  of  sulphur  or  phosphorus,  it 
is  rendered  much  more  brittle  and  hard  by  a  given  amount  of 
carbon,  than  when  the  same  proportion  is  combined  with  a  purer 
description  of  metal.  Shear  steel,  of  which  the  texture  and  com- 
position have  been  equalised  by  repeated  tiltings,  contains  from  1 
to  1*5  per  cent,  of  carbon.  W  hen  steel  contains  a  more  conside- 
rable amount  of  this  substance  it  becomes  harder,  less  tenacious, 
and  more  difficult  to  weld;  and  when  the  quantity  of  carbon 
present  exceeds  1*75  in  100  parts,  the  compound  no  longer  admits 
of  being  welded  at  any  temperature.  Iron  containing  2  per  cent, 
of  carbon  does  not  admit  of  being  forged  under  the  hammer, 
and  this  may  be  regarded  as  the  test  by  means  of  which  cast  iron 
is  distinguished  from  highly  carburetted  steel.  Iron  containing 
1*9  per  cent,  of  carbon  still  admits,  if  careftilly  treated,  of  being 
worked  under  the  hammer ;  and  we  may  therefore  regard  this  as 
the  extreme  point  of  carburisation,  beyond  which  steel  is  converted 
into  cast  iron.  When  cast  steel  contains  1*9  per  cent,  of  carbon, 
it  is  no  longer  applicable  to  the  purposes  to  whicli  less  highly  car- 
buretted metal  is  applied,  but  still  does  not  deposit  any  graphitous 
scales  by  fusion  and  slow  cooling.  When,  however,  the  metal  is 
combined  with  from  25  to  30  per  cent,  of  carbon,  a  portion  of 
that  substance  is  readily  eliminated  by  the  slow  cooling  of  the 
fused  mass. 

The  properties  of  cast  iron  are  not  entirely  dependent  on  the 
total  amount  of  carbon  which  it  contains,  but  are  also  to  a  great 
extent  influenced  by  the  state  of  combination  in  which  the  two 
substances  exist. 

Grey  cast  iron  contains  only  from  2  to  2*5  per  cent,  of  carbon 
in  a  state  of  chemical  combination,  the  remainder  being  merely 
disseminated  through  the  mass  in  the  form  of  minute  graphitous 
scales.     Iron  of  this  description  requires  for  its  fusion  a  much 
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higher  temperature  than  the  white  variety,  in  which  a  great 
portion  of  the  carbon  is  chemicaUy  combined,  and  passes  almost 
suddenly  from  the  solid  to  the  fluid  state,  whilst  white  cast  iron 
becomes  pasty  before  it  is  reduced  to  the  fluid  form. 

Grey  cast  iron  maj  be  transformed  into  white  metal  by  sudden 
cooling,  and  white  u*on  admits  of  being  converted  into  the  gray 
variety  by  being  first  strongly  heated,  and  then  allowed  to  cool 
very  gradually. 

The  principal  localities  in  Qreat  Britain  where  the  manufacture 
of  iron  is  extensively  carried  on,  are  Shropshire,  South  Stafford- 
shire, Derbyshire,  and  the  West  Bidine  of  Yorkshire,  in  England ; 
Glamorganshire,  in  South  Wales ;  and  the  district  lying  east  of 
Glasgow,  in  Scotland. 

The  total  number  of  blast  furnaces  at  this  time  at  work  in  the 
United  Eangdom,  probably  exceeds  550,  and  the  annual  product 
of  cast  iron  has  been  estimated  at  1,750,000  tons.  Most  of  the 
new  ftumaces  recently  erected  have  been  constructed  with  larger 
hearths  and  wider  tunnel-holes  than  were  formerly  employed. 

By  far  the  largest  proportion  of  the  steel  manufactured  is  pre- 
pared in  the  neighbourhood  of  Sheffield,  where  Swedish  iron, 
principally  firom  the  Dannemora  mines,  is  extensively  employed. 

The  annual  quantity  of  steel  produced  in  Sheffield  during  the 
last  five  years  varies  from  16,000  to  17,000  tons  from  foreign  iron, 
and  from  1,500  to  2,000  tons  from  iron  of  British  manufacture. 

The  number  of  furnaces  employed  in  the  neighbourhood  of 
Sheffield  for  the  conversion  of  iron  into  steel,  is  upwards  of  120j 
each  of  these  is  capable  of  converting,  weekly,  six  tons  of  iron,  and 
consumes  during  the  process  a  quantity  of  coal  about  equal  to  the 
weight  of  the  steel  produced.  There  are  also  above  100  steel 
melting  furnaces,  eadi  on  an  average  containing  10  holes  for 
crucibles ;  four  tons  of  good  hard  coke  are  required  to  make  one 
ton  of  cast  steel ;  and  each  furnace  of  ten  holes  produces  4^  tons 
of  melted  steel  per  week. 

The  total  quantity  of  coals  annually  consumed  in  the  town  and 
neighbourhood  of  Sheffield,  in  the  various  processes  relating  to  the 
manufacture  of  steel  alone,  has  been  calculated  at  230,000  tons. 
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Equhr.  =  31-66.    Density  =  880. 

This  metal  appears  to  haTe  been  known  in  the  remotest  antiquity, 
and,  alloyed  with  about  one-tenth  part  of  its  weight  of  tin,  was 
employed,  previous  to  the  discovery  of  iron,  for  making  all  kinds 
of  edge-tools  and  instruments  of  war.  Copper,  with  the  exception 
of  titanium,  is  the  only  metal  which  has  a  strong  red  colour ;  it 
is  verv  malleable,  ductile,  and  tenacious,  and,  when  warmed  or 
rubbed,  exhales  a  peculiarly  disagreeable  and  characteristic  odour. 

The  copper  met  with  in  commerce  is  seldom  chemically  pure, 
but  is  contaminated  with  other  metals,  such  as  lead,  iron,  and 
antimony ;  it  also  almost  invariably  contains  traces  of  carbon  and 
suboxide  of  copper. 

Chemically  pure  copper  may  be  obtained  by  reducing  to  the 
metallic  state  the  pure  oxide,  by  passing  over  it  a  stream  of 
hydrogen  gas,  while  heated  in  a  hard  glass  tube.  Under  these 
circumstances  the  reduction  takes  place  below  a  red  heat,  and 
the  metal  which  remains  in  the  tube  is  found  in  the  state  of  a 
red  powder,  readily  assuming  a  metallic  lustre  when  rubbed 
between  two  hard  surfaces. 

The  specific  granty  of  this  metal  varies  slightly,  in  accordance 
with  the  nature  of  the  treatment  to  which  it  has  been  subjected ; 
as  hammered  or  rolled  specimens  have  a  greater  density  than 
ordinary  fused  copper,  which  has  not  been  thus  compressed.  The 
density  of  copper  varies  between  8*78  and  8*96 ;  it  melts  readily 
at  a  strong  red  heat,  and,  when  heated  to  whiteness,  gives  off 
very  distinct  vapours,  which  have  the  property  of  imparting  a 
green  colour  to  name. 

When  copper  is  at  ordinary  temperatures  exposed  to  the  action 
of  perfectly  dry  air,  its  surface  is  not  in  the  slightest  degree 
oxioised  ;  but  it  acted  on  by  a  damp  atmosphere,  and  particularly 
when  acid  vapours  are  present,  it  quickly  becomes  covered  with  a 
green  substance,  known  by  the  name  of  verdigris. 

If  a  piece  of  this  metal^,  slightly  moistened  by  arweak  acid,  be 
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left  for  a  oonfiiderable  time  exposed  to  the  contact  of  air,  it  at 
first  combines  with  a  portion  of  its  oxygen,  and  forms  a  neutral 
salt  of  copper,  which  is  subsequently  converted,  by  the  fiirther 
action  of  oxygen  on  another  atom  of  metallic  copper,  into  a  less 
soluble  subsalt,  which  adheres  firmly  to  the  surface  of  the  mass. 

A  fragment  of  copper  wetted  by  ammonia,  and  exposed  to  the 
air,  is  oxidised  in  a  similar  way,  and  sheet  copper  is  found  to  be 
rapidly  attacked  by  weak  solutions  of  chloride  of  sodium,  although, 
when  in  a  concentrated  form,  this  salt  acts  but  feebly  on  the 
metal. 

Water  is  decomposed  by  copper  when  heated  to  whiteness  in 
an  atmosphere  of  steam :  oxide  of  copper  is  formed,  and  hydrogen 
gas  eliminated.  A  concentrated  solution  of  hydrochloric  acid 
attacks  it,  when  in  a  state  of  fine  division,  with  considerable 
facility ;  but  when  the  copper  is  exposed  to  its  action  in  more  solid 
masses,  its  solution  is  attended  with  much  difficulty. 

The  presence  of  the  stronger  acids  does  not  determine  the 
decomposition  of  water  by  this  body.  When  dissolved  in  con- 
centrated sulphuric  acid,  sulphurous  acid  gas  is  plentifully 
evolved. 

Nitric  acid,  even  when  cold  and  considerably  diluted  with 
water,  dissolves  copper  with  great  facility,  and  gives  rise  to  the 
rapid  evolution  of  binoxide  of  nitrogen,  which,  coming  in  contact 
with  the  oxygen  of  the  air,  produces  large  quantities  of  the  cha- 
ractenatic  red  fumes  caused  oy  the  resulting  compound. 

The  tenacity  of  copper  is  less  than  that  of  iron,  but  greater 
than  that  of  either  gold,  silver,  or  platinum. 

Native  Copper. — This  metal  frequently  occurs  in  a  native  or  mal- 
leable  state,  and  is  in  all  probability  the  result  of  certain  electro- 
chemical influences,  by  which  the  sulphate  of  copper  arisinff  from 
the  oxidation  of  its  various  sulphurets  is  made  slowly  to  deposit 
the  metal  which  it  contains  on  various  points  of  the  lode  in  which 
the  difierent  ores  of  copper  are  found. 

Native  copper  is  most  frequently  met  with  in  irregularly-shaped 
masses,  occupying  the  fissures  of  the  rocks  in  which  it  is  situated ; 
but  it  is  sometimes  also  observed  in  a  crystalline  state,  and  in 
this  case  the  crystals  are  either  cubes,  octahedrons,  or  some  of 
their  immediately  derived  forms. 

Native  copper  is  both  malleable  and  ductile ;  has  a  red  colour, 
metallic  lustre,  and  shining  streak  ;  possesses  no  traces  of  cleavage ; 
and  readily  fuses  before  the  blow-pipe  into  a  well-defined  metaBic 
globule,  which,  on  cooling,  frequenuy  becomes  externally  coated 
with  a  thin  layer  of  black  oxide. 

In  some  localities  specimens  of  this  metal  occur  in  a  perfectly 
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pure  state,  but  it  more  frequently  contains  traces  of  other  metals, 
and  particularly  iron  and  silver. 

This  substance  is  abundantly  met  with  in  the  copper  mines  of 
Cornwall,  Brazil,  and  Siberia,  as  also  in  the  district  to  the  north 
of  Lake  Superior,  where  masses  exceeding  a  ton  in  weight  have 
sometimes  been  extracted.  The  most  splendid  crystalline  speci- 
mens are,  however,  procured  from  Siberia  and  the  island  of  Nalsoe, 
in  Faroe,  where  it  accompanies  fibrous  mesotype  in  amygdaloidal 
trap. 

These  ciystals  of  copper  are,  generally  speaking,  far  from 
regular,  and  present  some  of  their  dimensions  in  a  much  more 
developed  state  than  others:  the  crystalline  forms  are  usually 
most  perfectly  represented  at  the  extremities  of  the  branches  pro- 
duced by  the  union  in  rows  of  the  more  compressed  and  less  per- 
fectly formed  examples. 


OBES  OF  COPPEB. 

The  minerals  of  which  copper  forms  an  essential  constituent 
are  extremely  numerous  and  important,  but  we  shall  in  the  pre- 
sent instance  chiefly  confine  our  attention  to  such  as  are  metal- 
lurgically  treated  for  the  metal  they  contain,  and  which  are  con- 
sequently entitled  to  be  ranked  among  the  ores  of  copper. 

Dlnoxlde  of  Copper ;  Octahedral  Copper  Ore;  Cuivre  oxydtde ; 
Kupferroth, — This  oxide  is  remarkable  for  its  fine  cochineal-red 
colour,  which  may  be  observed  with  great  readiness,  particularly 
in  transparent  and  translucid  specimens. 

This  oxide  ciystallises  in  the  cubic  system,  and  most  fi^uently 
occurs  in  well-defined  crystals  of  a  ruby-red  colour.  Its  lustre  ia 
semi-metallic,  streak  shiniag  and  reddish-brown,  fracture  hackly 
or  sometimes  conchoidal,  and  its  cleavage,  which  is  much  inter- 
rupted, parallel  to  the  faces  of  the  octahedron.  When  the  crystals 
of  this  mineral  are  opaque,  they  are  sometimes  of  an  iron-grey 
tint  on  the  surface,  but  their  peculiar  red  colour  at  once  becomes 
apparent  when  they  are  reduced  to  the  state  of  a  finely-divided 
powder.  This  oxide  has  a  density  of  5*99,  and  its  composition, 
according  to  an  analysis  of  Chenevix,  is  as  follows :  — 

Copper      ....    8878 
Oxygen     ....    11-50 

These  numbers  correspond  to  two  atoms  of  copper  united  to 
one  equivalent  of  oxygen,  and  its  formula  will  consequently  be 
represented  by  CusO. 
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Octahedral  oxide  of  copper  is  found  in  many  of  the  Cornish 
mines,  and  particularly  at  Huel  Garland,  near  Biedruth. 

Isolated  crystals,  sometimes  an  inch  in  diameter,  are  also 
obtained  at  Chessy,  in  the  neighbourhood  of  Lyons ;  and  many 
splendid  specimens  have  been  brought  from  Moldawa,  in  the 
Bannat,  and  Ekatharineburg,  in  Siberia.  This  suboxide  is  some- 
times also  found  in  extremely  slender  reticulated  crystals :  speci- 
mens of  this  yariety  are  occasionally  obtained  from  the  mines  of 
West  Cornwall  and  Eheinbreitbach,  on  the  Ehine. 

Black  Oxide  of  Copper;  Cuivre  oxyde  noir ;  Kupferschwartz, 
— In  a  great  many  copper  mines  a  black  substance  is  found, 
which  stains  the  fingers  when  handled,  and  is  principally  composed 
of  oxide  of  copper  mixed  with  various  earthy  impurities.  Analysis 
shows  that  this  substance  sometimes  contains  sulphur  and  arsenic, 
and  often  considerable  quantities  of  the  oxides  of  iron  and  man- 
ganese. 

Prom  this  circumstance  it  would  appear  that  the  black  oxide  of 
copper,  which  in  many  localities  is  obtained  in  sufficient  abun- 
dance to  render  its  extraction  an  important  consideration,  is  the 
result  of  the  decomposition  of  some  of  the  other  ores,  such  as 
copper  pyrites,  and  that  the  traces  of  sulphur  and  arsenic  which  it 
still  retains,  are  merely  the  result  of  an  mcomplete  decomposition 
of  such  minerals. 

This  substance  is  commonly  found  disseminated  among  other 
ores  of  copper,  and  sometimes  occurs  in  shining  botryoidal  con- 
cretions or  dull  friable  masses. 

Solptauret  of  Copper;  Fitremu  Copper;  Cuivre  Sul/vre ; 
Kupferglas, — Sulphuret  of  copper  is  of  an  iron-grey  colour,  and  is 
often  iridescent;  it  is  sometimes  found  in  crystals,  but  more 
fi^uently  in  compact  lamellar  masses,  and  pseudomorphous  crys- 
tals have  occasionally  been  discovered,  especially  at  Frankenberg, 
in  Hessia.  The  primitive  form  of  crystallised  sulphitfet  of  copper 
is  a  six-sided  prism,  but  the  specimens  obtained  m)m  the  Cornish 
mines,  and  especially  from  Cook's  Kitchen,  in  the  neighbourhood 
of  Bedruth,  frequently  present  themselves  in  thin  hexahedral 
tables.  This  ore  is  extremely  friable,  and  when  scratched  affords 
a  shining  streak. 

When  quite  pure  it  may  be  readily  cut  with  a  knife,  and  is 
fusible  in  the  flame  of  an  ordinary  candle.  Its  densily  varies, 
according  to  the  texture  of  the  specimens,  from  5*5  to  5*8,  and 
the  crys^s  possess  a  distinct  cleavage,  parallel  to  the  fisu^es  of  the 
original  prism. 

Sulphuret  of  copper  is  almost  always  contaminated  with  a  cer- 
tain portion  of  sulphuret  of  iron,  which  considerably  interferes 
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with  its  hardness  and  fusibility ;  but  the  specimens  obtained  from 
Siegen  are  comparatively  free  from  this  impurity. 

The  composition  of  a  specimen  of  this  ore,  m>m  Cornwall,  ana- 
lysed by  Thompson,  was  found  to  be  as  follows : — 

Sulphur  ....  20-62 
Copper  ....  77-16 
Iron 115 

98-93 

These  numbers  indicate  that  this  ore  is  a  compound  of  two 
atoms  of  copper  united  to  one  equivalent  of  sulphur,  and  its  con- 
stitution will  therefore  be  expressed  by  the  formula  CuaS. 

Although  magnificent  crystals  of  sulphuret  of  copper  are  some- 
times obtained  from  the  Cornish  mines,  they  are  nevertheless 
almost  exclusively  confined  to  that  county ;  but  the  more  compact 
and  massive  varieties  abo  occur  in  Siberia,  Hessia,  Saxony,  the 
Bannat,  and,  according  to  Silliman,  in  Nova  Scotia. 

Copper  Pyrites;  Cuivre  pyriteux;  Eupferkie*. — This  mineral 
is  distinguished  by  its  strong  metallic  lustre  and  deep  brass- 
yellow  colour.  It  usually  occurs  in  amorphous  masses,  with  an 
irregular  and  slightly  conchoidal  fracture:  it  is  also  found  in 
mammillated,  stalactitic,  and  botryoidal  forms,  as  well  as  in  tetra* 
hedral  and  octahedral  crystals.  Its  specific  gravi^  varies  from 
4-1  to  4-3,  and,  when  strongly  heated  on  charcoal  before  the  blow- 
pipe, it  readily  fuses  into  a  dull-black  globule,  which,  from  the  pre- 
sence of  iron,  speedily  becomes  magnetic.  When  mixed  witn  a 
little  carbonate  of  soda,  and  similarly  treated,  it  yields  a  button 
of  metallic  copper :  if  dissolved  in  nitric  add  or  aqua  regia,  it 
affords  a  solution,  which,  on  the  addition  of  ammonia,  assumes  a 
fine  blue  colour. 

Copper  pyrites  is  a  double  sulphuret  of  iron  and  copper,  con- 
sisting of  one  equivalent  of  protosulphurot  of  iron  united  to  one 
atom  of  sulphurot  of  copper,  and  its  composition  will  consequently 
be  exprossed  by  the  formula  CuS+FeS. 

The  following  numbers  show  the  composition  of  specimens  of 
this  substance  from  two  different  localities : — 

From  ComwaU.  From  Bambeiv. 

Analysed  by  B.  PhillipB.    Analysed  by  H.  Bose. 
Sulphur    .     .    86-16  —  85-87 

Copper      .     .    80-00  —  84-40 

Iron     .     .     .    82-20  —  8047 

Gangue    .    .      264         —  0-27 

100-00         —        101-01 

Digitized  by  LjOOQIC 


PHIXLIPSITE.  329 

This  mineral  is  found  in  lodes  or  yeins,  which  usually  occur 
either  in  granite,  grauwacke,  or  clay-slate,  although  it  is  some- 
times met  with  in  serpentine,  gneiss,  and  some  other  rocks.  It  is 
most  commonly  associated  in  these  deposits  with  iron  pyrites, 
blende,  and  galena,  together  with  the  carbonates  and  other  ores  of 
copper  commonly  produced  in  Europe. 

The  principal  localities  in  which  this  valuable  ore  is  found,  are 
Cornwall  and  Devon  in  England ;  Chessy  and  Saintbel,  near  Lyons, 
in  France ;  in  Saxony ;  at  Eisleben  and  Stan^rhausen,  in  Prussia ; 
at  Goslar,  in  the  lower  Hartz ;  at  Kremmtz  and  Schemnitz,  in 
Hungary;  at  Eahlun,  in  Sweden;  at  the  Ural  mountains,  in 
Bussia ;  as  also  in  China,  Japan,  and  at  the  Burra  Burra  mines  in 
South  Australia. 

The  Cornish  copper  ores,  so  extensively  treated  in  the  neigh- 
bourhood of  Swansea,  are  almost  entirely  composed  of  this  mineral, 
and  constitute  about  five-sixths  of  the  whole  amount  of  copper 
raised  in  the  United  Kingdom. 

The  total  annual  produce  of  copper  in  O^reat  Britain  is  estimated 
at  about  16,000  tons,  besides  whidi,  large  quantities  are  annually 
imported  from  Cuba,  Chili,  and  Australia,  to  be  smelted  in  the 
various  metallurgical  establishments  of  South  Wales. 

This  ore,  although  of  extremely  common  occurrence,  is  not, 
however,  usually  brought  into  the  market  in  a  very  pure  state,  as, 
from  the  great  cheapness  of  fuel  in  the  neighbourhood  of  the 
furnaces,  and  the  facilities  afforded  by  a  short  water-carriage,  it  ia 
found  more  economical  to  directly  treat  the  poorer  ores,  than  to 
concentrate  them  beyond  a  certaia  point  by  means  of  a  more 
extended  mechanical  preparation. 

The  ores  sold  at  Eednith,  in  Cornwall,  where  the  mineral  pro- 
ducts of  the  Western  division  of  that  coimty  are  principally  dis- 
posed of,  rarely  yield  above  12  per  cent,  of  metallic  copper,  and 
even  8  per  cent,  of  metal  may  be  considered  about  a  faur  average 
of  the  produce  of  the  total  quantity  of  ore  sold. 

Pbilllpslte;  Cuivre  panachS ;  Buntkup/ererz. — ^This  ore,  which, 
particularly  since  the  reworking  of  the  mines  in  Tuscany,  holds  a 
somewhat  miportant  position  among  the  minerals  producing  copper, 
was  for  a  long  time  confounded  with  copper  gLsaice,  although  in 
m^y  particulars  they  are  extremely  different. 

This  ore  has  a  reddish-brown  colour,  and  almost  metallic  lustre ; 
its  surface  is  commonly  iridescent  with  different  shades  of  blue, 
purple,  and  red,  from  which  circumstance  it  is  sometimes  called 
euivre  panache,  by  French  mineralogists. 

Fused  before  the  blowpipe,  it  presents  similar  reactions  to 
those  obtained  from  ordinary  copper  pyrites,  but  when  found  in  a 
crystalline  form,  the  crystals  are  either  cubes  or  octahedrons,  of 
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whicli  the  surfaces  are  not  usually  well-defined.  It  occurs  in  the 
compact  form,  associated  with  the  green  carbonate  of  copper,  in 
Cornwall,  Siberia,  Hessia,  Silesia,  Is  orwaj,  and  the  Bannat ;  also 
at  Killamey,  in  Ireland,  and  in  the  cupriferous  shale  in  the  neigh- 
bourhood of  Mansfeld. 

The  crystallised  varieties  of  this  mineral  have  as  yet  only  been 
found  in  Cornwall,  where  it  occurs  in  the  Dolcoath  and  Tmcroft 
mines,  in  the  neighbourhood  of  Bedruth. 

This,  like  ordinary  copper  pyrites,  is,  although  not  combined  in 
the  same  proportion,  a  double  sulphuret  of  copper  and  iron.  Its 
atomic  constitution  is  represented  by  the  formula  2Cu8S+FeS, 
and  its  per-centage  constitution,  according  to  the  analyses  of 
Phillips  and  Varrentrapp,  is  as  follows : — 
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The  specific  gravity  of  the  crystallised  variety  varies  from  4*9  to 
5*1,  and  the  different  faces  of  the  crystals  are,  in  many  specimens, 
slightly  curved. 

Cirey  Copper  mre ;  Cuivre  gris  ;  Fahlerz, — ^Usually  occurs  mas-- 
sive,  but  sometimes  also  crystallised,  in  well-defined  cubes  and 
tetrahedrons.  Its  colour  varies  from  steel-grey  to  iron-black,  and 
when  scratched  yields  either  an  unchanged  or  slightly  brown 
streak.  It  has  a  conchoidal  fracture,  and  sometimes  an  imperfectly 
developed  cleavage  parallel  to  the  f^ces  of  the  octahedron.  It  is 
exceedinglv  brittle,  and  has  a  density  varying  from  4*6  to  5*1. 

Eose,  who  has  made  a  very  important  series  of  investigations  on 
the  constitution  of  this  mineral,  has  arrived  at  the  conclusion  that 
its  general  composition  may  be  represented  by  the  formula 
Fe4CunSbjS8i,  but  in  which  each  of  the  different  metallic  con- 
stituents may  be,  to  a  greater  or  less  extent,  replaced  by  the  sub- 
stitution of  other  isomorphous  elements ;  so  that  sulphuret  of 
antimony  may  be  substituted  for  the  sulphuret  of  arsenic,  and  sul- 
phuret of  silver  for  sulphuret  of  copper,  &c.  &c. 

This  mineral  also  frequently  contains  zinc  and  silver,  and  occa- 
sionally gold  and  platinum.  The  following  analyses  of  different 
specimens  of  this  ore  will  serve  to  illustiate  its  variable  consti- 
tution : — 
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Some  of  the  finest  crystals  of  tHs  substance  have  been  obtained 
from  the  mines  near  St.  Austell,  in  Cornwall,  and  very  beautiM 
complex  crystals,  of  a  bright  polished  aspect,  are  found  at  Andre- 
asberg,  in  the  Hartz;  Kremnitz,  in  Hungary:  Freyberg,  in 
Saxony ;  Dillenburg,  in  Nassau ;  and  Kapnick,  in  Transylyania : 
besides  occurring  in  the  above  localities,  the  massive  variety  is 
found  at  Schwatz  in  the  T^rrol,  and  in  Siberia.  This  mineral  is 
not  only  important  as  an  ore  of  copper,  but  is  frequently  much 
increased  in  value  on  account  of  the  silver,  which,  in  greater  or 
less  quantity,  it  almost  invariably  contains. 

Bine  Carbonate  of  Copper;  Azurite;  Kupferlazur,  —  This 
mineral,  which  occurs  both  in  mammillated  concre^ons,  and  in  well- 
defined  and  very  brilliant  crystals  belonging  to  the  rhomboidal 
system,  of  which  the  lateral  faces  form  an  angle  of  98°  42',  is 
(tt  a  beautiful  blue  colour,  and  is  sometimes  perfectly  transparent, 
although  more  commonly  only  translucid.  Its  specific  gravity 
varies  from  3*7  to  3-9,  lustre  vitreous  or  adamantine,  fracture 
oonchoidal,  and  streak  of  a  somewhat  deeper  blue  than  that  of  the 
mineral  itself.  When  acted  on  alone  before  the  blowpipe,  it  is 
melted  by  the  oxidising  flame  into  a  black  globule.  By  the  reducing 
flame  a  bead  of  metallic  copper  is  obtained.  It  dissolves  with 
eflervescence  in  nitric  acid,  and  yields  a  solution,  aflbrding  all 
the  common  reactions  of  copper.  When  fused  with  borax  in  the 
oxidating  flame,  a  glass  of  a  bright  green  colour  is  produced. 

Its  composition,  according  to  the  analyses  of  Karsten  and 
Phillips,  is  as  follows : — 

l^)6Glin6Il  sTom 
Cheasy, 
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Oxide  of  copper    .    .    69-08        — 
Carbonic  acid   .     .    .    25*46        — 
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The  above  numbera  correspond  to  the  formula  2  (CuO.COj)-}- 
C0„  HO. 

This  mineral  oocutb  associated  with  the  red  oxide  and  the 
green  carbonate  of  copper,  and  is  found  both  in  the  primitiye  and 
secondary  formations.  The  chief  localities  from  which  blue  car- 
bonate of  copper  is  obtained,  are  Chessj  near  Lyons,  Siberia,  and 
the  Bannat.  Examples  of  this  ore  are  also  found  at  Eedruth,  iu 
Cornwall ;  Alston-Moor,  in  Cumberland ;  in  the  Cuban  mines,  and 
at  Burra  Burra,  in  South  Australia.  When  obtained  in  suffi- 
cient quantity,  this  substance  constitutes  a  valuable  ore  of  copper ; 
it  is  UkewiBe,  when  ground  to  a  fine  powder,  occasionally  used  as 
a  blue  pigment,  but  from  having  a  tendency  to  lose  its  original 
hue,  and  become  green  by  einposure  to  light  and  air,  it  is  at  pre- 
sent but  little  employed  lor  this  purpose. 

Malaclitte ;  Cuivre  carbonate  vert ;  Malachit. — G^reen  carbonate 
of  copper  is  remarkable  for  its  fine  emerald  green  colour,  of  which 
the  same  specimen  usually  exhibits  a  great  diversity  of  shades. 
When  in  a  crystalline  state,  this  substance  is  found  in  forms 
derived  from  the  oblique  prism,  of  which  the  lateral  faces  form  an 
angle  of  107^  16',  but  it  is  more  frequently  met  with  in  mammillated 
remform  masses,  and  compact  amorphous  fragments. 

Malachite,  although  rarely  found  in  the  crystalline  form  above 
described,  frequently  presents  itself  in  the  shape  of  variously  modi- 
fied octahedrons,  produced  by  the  conversion  into  carbonate  of 
the  dinoxide,  or  ruby-red  ore,  as  also  in  oblique  prisms  of  a  fibrous 
internal  structure,  derived  from  the  decomposition  of  the  blue 
carbonate.  It  is  likewise  found  in  stalactiform  masses,  having  a 
fibrous  radiated  structure  made  up  of  several  successive  layers,  of 
which  the  extent  and  thickness  are  readily  apparent  and  well 
defined.  It  is  sometimes  met  with  in  a  friable  and  pulverulent 
form,  and  is  m  that  case  commonly  associated  with  various  sandy 
and  earthy  impurities. 

Malachite  is  found  in  considerable  quantities  in  the  Ural 
mountains ;  in  the  mines  of  Southern  Australia ;  in  the  Island  of 
Elba ;  at  Chessy,  in  France ;  in  the  old  mine  at  Sandlodge,  in  Shet- 
land ;  in  the  Bannat,  the  Tyrol,  and  in  some  of  the  Cornish  mines. 
It  is,  from  its  high  per-centage  of  metal,  and  the  facility  with 
which  it  admits  of  being  smelted,  a  valuable  ore  of  copper ;  but  is 
also  highly  prized  by  the  lapidary  for  various  ornament^  purposes. 
Such  varieties  as  are  sufficiently  compact  are  often  cut  into  snuff- 
boxes, and  mounted  as  brooches,  studs,  and  other  articles  of 
jewellery;  and  in  Bussia,  polished  plates  of  this  substance  are 
made  up  into  tables,  sideboards,  and  other  objects  of  luxury. 

The  density  of  this  ore  varies  from  3'6  to  4*0 ;  lustre  adamantine, 
inclining  to  vitreous ;  streak  of  a  rather  paler  green  than  the 
mineral  itself.  (  -  .^^^  i  ^ 
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Its  per^centage  composition  is  as  follows : — 

From  Siberia,     Also  from  Siberia, 
by  Vauquelin.  by  Klaproth. 

Oxide  of  copper     .     .    7010  —        7170 

Carbonic  acid   .     .     .     21-25  —        2050 

Water 8-46  —  780 
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The  above  numbers  indicate  that  this  substance  is  a  dihjdrated 
carbonate  of  copper,  of  which  the  composition  is  represented  by 
the  formula  2  (CuO,  CO,)  +  HO.  Carbonate  of  copper  is  advan- 
tageously employed  to  mix  with  the  various  sulphurets  of  copper, 
during  the  operation  of  smelting,  and  for  whicn  it  serves  as  an 
economical  and  effective  flux.  It  is  also  employed  as  a  green 
pigment,  for  the  use  of  artists,  affords  a  vaLuaole  material  for  the 
manufacture  of  the  various  salts  of  copper,  and  is  particularly 
adapted  for  being  converted  into  Eoman  vitriol,  by  solution  in 
dilute  sulphuric  acid,  and  subsequent  crystallisation. 

•tber  Minerals  contaliiliiff  Copper. — The  other  minerals,  of  the 
composition  of  which  copper  forms  an  essential  ingredient,  are 
extremely  numerous  and  interesting ;  but  as  these  seldom  occur  in 
sufficient  quantities  to  constitute,  properly  speaking,  Ores  of  this 
metal,  they  present  greater  interest  to  the  mineralogist  than  to 
the  smelter. 

Seleniuret  of  Copper  is  a  very  rare  mineral,  isomorphous  in  com- 
position with  the  sulphuret ;  it  is  of  a  tin  or  silver-grey  colour,  is 
fusible  like  the  sulphuret,  and  is  readily  cut  with  a  knife.  The 
arseniurets  of  copper  are  numerous,  but  of  little  importance  in  a 
commercial  point  of  view.  Euehroitey  which  is  found  at  Libethen, 
in  Hungary,  is  an  emerald  green  mineral,  containing  33  per  cent, 
of  arsemc  acid,  and  48*0  of  oxide  of  copper.  Aphanesite  is  of  a 
darker  green  colour,  inclining  to  blue,  ana  contains  30  per  cent,  of 
arsenic  acid,  and  54  of  oxide  of  copper.  This  variety  comes  from 
Cornwall.  JErinite,  from  Limerick,  in  Ireland,  occurs  in  mam- 
millated  coatings,  is  of  an  emerald  green  tint,  and  contains  38'8 
per  cent,  of  arsenic  acid,  and  69'4  of  oxide  of  copper.  Copper 
mica,  found  in  Cornwall  and  Himeary,  is  of  a  grass-green  colour, 
and  occurs  in  remarkably  thin  laminsB :  it  contains  21  per  cent,  of 
arsenic  acid,  and  56*4  of  oxide  of  copper.  Condurrite  is  an  arse- 
niosulphuret  of  copper  of  a  greenish  black  or  blue  colour,  and  is 
chiefly  found  in  the  mines  of  Cornwall. 

Of  the  phosphates  of  copper  there  are  three  distinct  varieties — 
Peeudo- Malachite f  Libethenite,  and  Thrombolite,  The  first  is 
found  in  some  parts  of  Hungary,  and  at  Bonn  on  the  Ehine ;  it  is 
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of  a  dark  or  emerald  green  colour,  and  occurs  either  in  yeiy 
oblique  crystals,  or  as  a  massive  incrustation  on  the  surface  of 
other  minerals.  The  second,  specimens  of  which  are  found  in 
Hunganr  and  Cornwall,  is  a  dark  or  olive-green  substance,  occur- 
ring either  massive  or  in  slender  prismatic  crystals,  containing 
64  per  cent,  of  oxide  of  copper.  The  third  and  last  variety  is  a 
green  phosphate,  occurring  in  Hungary,  and  contaimng  only  39 
per  cent,  of  oxide  of  copper. 

Sulphate  of  Capper  is  found  in  a  crystallised  state  in  many  of 
the  mines  from  which  copper  pyrites,  and  the  other  sulphurets  of 
copper,  are  obtained.  This  salt,  when  produced  b^  natural  causes, 
resembles  in  every  respect  that  obtained  by  artificial  means ;  it 
crystallises  accormng  to  the  sixth  crystalline  system,  has  a  fine 
blue  colour,  and  is  formed  by  the  decomposition  of  the  other  ores 
of  copper. 

Jitacamite, — Chloride  of  copper  is  a  mineral  of  a  green,  or 
greenish  black  colour,  and  adamantine  or  vitreous  lustre.  It 
occurs  in  massive  fragments,  in  rhombic  prisms,  and  rectangular 
octahedrons,  which  give  off  fumes  of  hydrochloric  acid  gas  when 
heated  before  the  blowpipe.  This  compound  is  found  in  Saxony, 
the  neighbourhood  of  Vesuvius,  and  the  desert  of  Atacama, 
between  Chili  and  Peru.  In  ChiH  this  mineral  is  ground  into 
powder,  and  sold  under  the  name  of  areenillo,  as  a  sand  for  dusting 
letters. 

The  other  minerals  containing  copper  are  extremely  rare, 
and  are,  consequently,  not  treated  as  a  source  of  the  metal  they 
contain. 


BSTIMATIOir  OP  COPPSB,  AJStD  ITS  8EPARA.TI0N  PBOM  OTHEB  METALS. 

This  metal  is  estimated  either  in  the  state  of  metallic  copper,  or 
of  black  oxide.  "When  it  is  to  be  weighed  as  metallic  copper,  it 
may  be  precipitated  firom  its  solutions  by  the  introduction  of  a 
bar  of  either  iron  or  zinc  :  in  this  case  it  snould  be  rapidly  washed 
with  distilled  water,  and  subsequently  dried  in  such  a  way  as  to 
protect  it  as  much  as  possible  from  the  action  of  the  air,  by  which 
it  is  rapidly  oxidised.  It  will,  however,  in  most  instances  be 
found  advantageous  to  convert  the  granular  copper  into  the  black 
oxide,  by  a  continued  roasting  in  a  small  porcelain  crucible,  over 
the  flame  of  a  gas  jet,  or  spirit  lamp  ;  as  it  is,  even  with  the  most 
skilfrd  manipulation,  extremely  difficult  to  prevent  the  absorption 
of  a  small  quantity  of  oxygen  by  the  finely  powdered  metal,  and 
this,  by  increasing  the  weight  or  the  product,  vitiates  the  results 
obtained. 
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When  a  solution  contains  no  other  metal  than  copper,  it  may 
be  precipitated  in  the  form  of  hjdrated  oxide,  by  the  addition  of  a 
proper  quantity  of  pure  caustic  potash.  It  is,  however,  necessary 
to  boU  the  liquid  for  some  time  after  adding  the  precipitant,  as 
also  to  precipitate  from  hot  solutions ;  as  the  hydrated  oxide  at 
first  thrown  down  is  by  this  meani  converted  into  an  anhydrous 
state,  and  much  more  readily  freed  from  any  mixture  of  alkaline 
salts  by  subsequent  washing  with  hot  distilled  water.  The  oxide 
of  copper  thus  obtained  is  afterwards  dried  in  a  water-bath, 
heated  to  redness  in  contact  with  air,  and  then  weighed  whilst 
still  sliffhtly  warm,  in  order  to  prevent  the  result  from  becoming 
vitiated  by  the  absorption  of  hygroscopic  moisture.  From  the 
quantity  of  oxide  of  copper  thus  obtaineo,  the  weight  of  the  metal 
present  is  readily  deduced,  as  every  100  parts  of  this  oxide  corre- 
spond to  79*8  of  metallic  copper. 

Copper  is  also  frequently  precipitated  from  its  solutions  by 
passing  through  them  a  current  of  sulphuretted  hydrogen  gas,  by 
which  it  is  thrown  down  in  the  form  of  a  sulphuret:  this  is 
washed  with  water  holding  sulphuretted  hydrogen  in  solution,  and 
after  drying  on  the  filter,  and  roasting  off  a  portion  of  the  sulphur 
in  a  porcelain  crucible,  the  residue  is  dissolved  in  hydrochloric 
add,  and  the  oxide  precipitated  by  caustic  potash  as  above 
described. 

The  amount  of  copper  contained  in  a  great  variety  of  ores  and 
mineral  substances,  of  which  this  metal  forms  one  of  the  con- 
stituents, may  be  determined  with  a  considerable  approach  to 
accuracy  by  the  following  process  invented  by  Pelouze. 

The  substance  in  whicm  the  copper  is  to  be  estimated  should  be 
dissolved  in  an  acid  capable  of  effecting  its  complete  solution,  and 
an  excess  of  ammonia  afterwards  added,  by  which  the  copper  is  re- 
dissolved  with  the  production  of  a  characteristic  blue  colour. 
Into  this  liquor,  whilst  in  a  state  of  ebidlition,  a  standard 
solution  of  sulphuret  of  sodium  is  poured  from  a  graduated 
burette,  which  determines  the  precipitation  of  the  copper  ia  the 
form  of  a  dark  brown  oxysulphuret  of  that  metal,  having  the 
composition  expressed  by  the  formula  CuO-f  5CuS.  If  this 
precipitation  be  effected  with  proper  precautions,  and  a  little 
ammonia  added  from  time  to  time,  as  the  metallic  solution  nearly 
approaches  saturation,  it  becomes  easy  to  determine  at  what  pre- 
cise period  the  whole  of  the  copper  has  been  thrown  down,  as  the 
liquor  entirely  loses  its  blue  colour  when  the  last  traces  of  this 
metal  have  been  deposited.  If  the  liquor  contains  no  other  sub- 
stance which  can  be  precipitated  by  the  solution  of  the  alkaline 
sulphuret,  it  will  be  easy  to  calculate  the  amount  of  copper  pre- 
sent firom  the  volume  of  the  solution  poured  from  the  graduated 
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burette,  as  each  division  of  the  instrument  evidently  corresponds 
to  a  definite  and  well-ascertained  quantity  of  metallic  copper. 

To  determine  the  strength  of  the  test  solution  of  sulphuret  of 
sodium,  a  definite  weight,  say  ten  grains  of  perfectl^r  pure  copper, 
should  be  dissolved  in  a  proper  quantity  of  nitric  acid,  and  to  this 
liquid  ammonia  is  added,  unMl  the  deposit  at  first  formed  has 
become  entirely  redissolved,  and  a  bright  blue  solution,  free  from 
all  cloudiness,  is  obtained.  Into  this  liquor  the  solution  of 
sulphuret  of  sodium  is  gradually  poured  firom  the  burette,  in 
which  it  has  been  measured,  and  when  the  contents  of  the  flask 
begins  to  lose  colour,  it  is  repeatedly  shaken,  and  again  allowed 
to  settle. 

At  this  point  of  the  operation,  the  liquid  from  the  graduated 
measure  is  dropped  into  the  copper  solution  with  the  greatest 
possible  caution,  in  order  that  the  point  at  which  the  precipitation 
ceases  to  take  place  may  be  noted  with  accuracy.  By  making 
two  or  three  experiments  of  this  kind,  and  taking  the  mean  of  the 
results  obtained,  it  becomes  easy  to  discover  to  what  weight  of 
metallic  copper  each  of  the  divisions  on  the  graduated  burette 
corresponds,  and  the  data  are  thus  afforded  for  the  determination 
of  the  inverse  proposition,  viz.,  what  quantity  of  copper  is  con- 
tained in  a  solution  in  which  the  weight  of  that  metal  has  not 
previously  been  ascertained. 

K  by  way  of  an  example  we  suppose  it  has  been  ascertained  by 
direct  experiment,  that  to  precipitate  from  its  solution  one  grain 
of  pure  copper,  280  divisions  of  the  burette  are  required,  and  that 
to  decolorize  a  given  copper  liquor  exactly  372  divisions  have 
been  employed,  it  follows  tnat  the  solution  in  question  contains  a 

372 
quantity  of  copper  corresponding  to  —  :  1  gr.  or  1*32  gp. 

2oU 

This  method  is  also  equally  applicable  to  solutions  containing 
other  metals  besides  copper,  as  experiment  indicates  that  the 
results  are  in  no  way  interfered  witn  by  the  presence  of  either 
iron,  tin,  zinc,  cadmium,  lead,  or  antimony,  as  the  alkaline  sulphuret 
does  not  begin  to  react  on  these  metals  until  after  the  whole  of 
the  copper  has  been  completely  precipitated  in  the  form  of  oxy- 
sulphuret.  It  is,  however,  aosolutely  necessary  that  the  iron 
should  be  peroxidised  by  the  addition  of  a  few  drops  of  nitric  acid, 
and  ebullition,  previous  to  the  supersaturation  of  the  liquor  by 
ammonia,  as  the  presence  of  the  protoxide  of  that  metal  materially 
interferes  with  the  result. 

On  the  addition  of  the  ammonia  to  the  liquid  to  be  examined,  a 
deposit  of  the  oxides  of  some  of  the  other  metals  which  it  contains 
very  frequently  takes  place;  but  unless   these    are  extremely 


Digitized  by 


Google 


ESTIMATIOK  OT  COFPEU.  337 

abundant,  they  are  not  found  to  vitiate  the  results,  and,  conse- 
quently do  not  require  to  be  separated  by  filtration,  unless  the 
Suantity  be  so  large  as  to  prevent  the  colour  of  the  liquid  from 
eing  (ustinctly  seen. 

This  method  of  estimating  copper  is  not,  however,  to  be 
depended  on  in  eases  where  cobalt,  nickel,  mercury,  or  silver  are 
present ;  but  the  latter  metal  may  be  readily  eliminated  from  the 
solution  by  the  addition  of  a  few  drops  of  hydrochloric  acid, 
which  will  cause  it  to  be  precipitated  in  the  form  of  an  insoluble 
chloride,  readily  removed  by  filliation. 

Copper  is  separated  from  the  alkalies,  earths,  manganese,  iron, 
chromium,  cobalt,  nickel,  zinc,  titanium,  and  uranium,  by  passing 
a  current  of  sulphuretted  hydrogen  gas  through  their  solutions, 
after  having  first  rendered  them  slightly  acid  by  the  addition  of 
hydrochloric  acid.  The  sulphuret  of  copper  which  is  thus  obtained 
is  subsequently  dissolved  in  aqua  regia,  and  the  metal  estimated 
in  the  state  of  oxide,  in  which  form  it  is  precipitated  by  the 
addition  of  pure  caustic  potash. 

Copper  may  be  separated  from  cadmium,  bismuth,  and  lead,  by 
adding  an  excess  of  carbonate  of  ammonia  to  their  solutions  in 
nitric  acid,  when  the  copper  alone  is  redissolved,  whilst  the  other 
metals  will  be  precipitated  in  an  insoluble  form.  The  same 
method  may  be  emplopred  for  the  separation  of  copper  from 
alumina  and  the  sesquioxides  of  iron  and  chromium,  but  the 
results  obtained  by  this  means  are  fiur  less  satisfactory  than  those 
yielded  bypassing  a  current  of  sulphuretted  hydrogen  gau  through 
the  liquid  holding  the  salts  of  these  various  metals  in  solution. 
The  best  method  of  separating  copper  from  lead  consists  in  adding 
a  small  quantity  of  sulphuric  acid  to  the  solution  of  the  two  metals 
in  nitric  acid,  and  afterwards  evaporating  the  liquor  to  dryness  in 
a  porcelain  basin,  to  expel  the  excess  of  sulphuric  acid  which  has 
been  added.  The  residue  is  now  slightly  moistened  with  nitric 
add,  and  a  limited  quantity  of  boiling  water  subseauently  added, 
by  which  the  copper  salt  is  dissolved,  whilst  the  insoluble  sulphate 
01  lead  remains  m  the  state  of  a  crystalline  powder,  which  may  be 
readily  collected  on  a  filter. 

The  separation  of  copper  from  tin  is  effected  by  attacking  the 
alloy  by  nitric  acid,  which  readily  dissolves  the  first  of  these 
metals,  whilst  the  second  remains  in  the  form  of  insoluble  stannic 
add,  from  the  wdght  of  which  the  amount  of  metallic  tin  originally 
present  in  the  alloy  is  deduced. 

Copper  may  be  separated  from  antimony  by  a  similar  process, 
but  m  this  case  less  accurate  results  are  obtained,  on  account 
of  the  partial  solubility  of  this  metal  in  the  solvent  employed. 
The  separation  of  these  two  metals  may,  however,  be  more  accu- 
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rately  effected  by  the  use  of  sulphide  of  ammomum,  as  the  sul- 
phuret  of  copper  thus  produced  being  insoluble  in  an  excess  of 
that  precipitant,  is  readuj  collected  on  a  filter,  and  estimated  by 
the  method  already  described,  whilst  the  sulphuret  of  antimony, 
which  is  soluble  in  sulphide  of  ammonium,is  contained  in  thefiltrate, 
Irom  which  it  is  a^ain  precipitated  on  the  addition  of  a  few  drops 
of  hydrochloric  acid. 

CLASSIFIOATION  AlfTD  ASSAY  OF  COFFEB  OBES. 

The  ores  of  copper,  although  extremely  numerous,  may  for 
the  purposes  of  assay  be  all  comprehended  under  three  general 
classes. 

The  first  class  consists  of  such  ores  as  contain,  with  ti\e  ex- 
ception of  iron,  no  other  metal  than  copper,  and  which  are 
perfectly  free  from  any  admixture  of  either  sulphur,  selenium^  or 
arsenic. 

The  second  comprehends  those  ores  which  do  not  oontauOy 
besides  copper,  any  other  metal  except  iron,  but  in  which  either 
sulphur  or  selenium  is  present  in  greater  or  less  proportion. 

The  third  class  is  composed  of  such  cupreous  minerals  as, 
besides  sulphur  or  selenium,  also  contain  various  other  metals  in 
addition  to  iron. 

The  apparatus  best  adapted  for  the  assay  of  copper  ores  is  a 
small  air  fiimace,  very  nearly  resembling  in  form  and  general 
arrangement  that  employed  in  conducting  iron  assays,  and  repre- 
sented at  page  212  ;  but  as  the  temperature  required  to  effect  the 
reduction  and  fusion  of  the  latter  is  much  greater  than  that 
necessary  to  liquefy  the  former,  the  size  of  the  fiJre-place  may  be 
proportionately  diminished. 

For  the  purpose  of  assaying  copper,  a  fiimace,  having  a  depth 
of  16  inches  from  the  bars  to  the  level  of  the  fire-tile  by  which  it 
is  closed,  will  be  found  amply  sufficient :  each  of  the  sides  of  the 
arrangement  may  measure  from  eight  to  ten  inches,  and  the  fuel 
employed  should  be  good  firm  coke,  broken  into  pieces  a  little 
larger  than  eggs. 

The  mass  of  brickwork  in  which  the  fire-place  is  enclosed  is 
built  to  such  a  height  from  the  floor  of  the  laboratory  as  to  admit 
of  the  operator  being  able  to  observe  easily  all  that  is  going  on 
within  his  crucible,  and  ought  either  to  be  well  bound  together  by 
an  arrangement  of  iron  bolts  and  ties,  or  be  secured  from  too 
great  expansion  by  cast  iron  plates  firmly  connected  together. 
The  chimney  must  be  provided  with  a  damper  for  the  regulation 
of  the  draught ;  and  the  fiimace,  when  in  action,  is  covered  either 
with  a  fire-tile  or  thick  cast  iron  plate. 
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Assay  of  •res  of  tbe  First  Class. — ^When  the  ores  belonging 
to  this  class  are  moderately  rich,  their  assay  is  attended  with  but 
little  difficulty,  and  usudly  affords  satisfactory  results.  The 
mineral  is  first  pounded  siuficiently  fine  in  a  mortar,  and,  after 
being  well  mixed  to  insure  perfect  uniformity  of  composition,  is 
intimately  blended  with  about  three  times  its  weight  of  black  flux. 
The  mixture  is  now  placed  in  a  crucible,  which  should  not  be  more 
than  one-half  filled,  in  order  to  prevent  any  loss  from  the  expan- 
sion of  the  pasty  mass  when  strongly  heated,  and  on  the  top  is 
spread  a  thin  layer  of  pure  black  flux,  without  any  admixture  of 
tne  ore  to  be  treated. 

The  crucible  and  its  contents  are  now  placed  in  the  furnace, 
which  must  be  previously  lighted  for  a  short  time,  in  order  that  it 
may  be  well  heated,  and  is  allowed  to  remain  uncovered  until  the 
ore  and  flux  have  become  reduced  to  a  state  of  almost  tranquil 
fusion  at  the  bottom  of  the  pot.  This  usually  occurs  at  the  ex- 
piration of  about  fifteen  or  twenty  minutes  after  the  introduction 
of  the  assay  into  the  fire,  and  the  crucible  is  then  closed  with  an 
earthen  cover,  and  the  damper  fully  opened,  so  as  to  subject  it 
during  another  ten  or  fifteen  minutes  to  the  highest  heat  of  the 
furnace.  The  crucible  is  now  withdrawn  from  the  fire  by  means 
of  proper  tongs,  and  tapped  slightly  against  some  hard  substance, 
such  as  the  brickwork  of  the  furnace,  in  order  that  any  smaU 
buttons  of  metal  retained  in  the  slag  may  faU  to  the  bottom  and 
unite  into  one  solid  and  weU-formed  mass:  this,  when  it  has 
sufficiently  cooled,  is  extracted  by  breaking  the  crucible. 

The  quantity  of  ore  operated  on  for  the  purpose  of  assay  depends 
on  the  richness  of  the  minerals  to  be  treated ;  but  in  most  instances 
400  grains  will,  for  commercial  purposes,  be  found  a  very  con- 
venient amount. 

"When  these  ores  do  not  contain  a  large  pei^centage  of  copper, 
and  are  consequently  much  contaminated  with  earthy  and  other 
impurities,  it  is  found  extremely  difficult  to  extract  the  whole  of 
the  copper  by  the  method  above  described,  as  a  large  proportion  of 
the  metal  present  is  retained  by  the  flux  either  in  a  state  of  che- 
mical combination  or  as  small  globules,  which  are  prevented  from 
uniting  in  a  uniform  button  by  the  viscidity  of  the  slag  in  which 
they  are  imbedded. 

Li  this  case  experience  has  shown  that  the  best  results  are 
obtained  by  adding  to  the  mineral  a  proper  quantity  of  sulphur, 
and  then  msing  for  matt  in  the  way  snortly  to  be  described  with 
reference  to  Ckss  2,  and  subsequently  roasting  and  fluxing  the 
regulus  obtained  as  though  a  natural  sulphuret  of  copper  were 
originally  operated  on.  This  method  of  manipulation  has  the  dis- 
advantage of  requiring  the  expenditure  of  much  more  time  than 
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the  direct  ^ion  of  the  ore  with  black  flux ;  but  when  the  mineral 
treated  contains  less  than  from  10  to  16  per  cent,  of  metaUie 
copper,  the  results  obtained  by  the  latter  process  are  found  to  be 
much  higher  than  those  resultmg  from  the  direct  fusion  and  reduc- 
tion of  the  mineral  in  the  way  usuallj  recommended. 

On  examining  the  button  obtained  by  the  direct  reduction  of 
the  yarious  ores  belonging  to  the  first  class,  it  will  almost  invaria- 
bly be  found  that  they  are  covered  on  the  surface  with  a  thin 
layer  of  matt  or  r^^us  produced  by  the  presence  of  minute 
portions  of  sulphur  in  the  original  ore ;  and  it  is  therefore  not 
unfrequently  found  necessary  to  subject  them  to  the  process  of 
roasting  beiore  proceeding  to  their  msion,  with  the  admtion  of  a 

S roper  quantity  of  some  reducing  agent,  such  as  tartar  or  black 
ux :  it  consequently  follows  that  in  such  cases  the  time  occupied 
by  the  assay  will  not  be  materially  prolonged  by  the  previous 
fusion  with  sulphur,  whilst  the  resmt  obtained  is  much  more 
satifactory.  This  method,  although  it  at  first  sight  appears  ex- 
tremely rude  and  unscientific,  is  nevertheless  universally  followed 
by  the  Cornish  assayers,  by  whose  results  the  price  of  the  copper 
ores  sold  in  that  county  are  invariably  determined.  The  tr^t- 
ment  of  the  regulus  thus  obtained  will  be  described  when  treating 
of  the  assay  of  the  different  minerals  belonging  to  the  second 
class. 

In  order  to  ascertain  the  amount  of  copper  contained  in  the 
slags  resulting  from  the  metallurgic  treatment  of  copper  ores,  it 
is  usual  to  employ  the  humid  method  of  determination,  as  they 
are  commonly  too  poor  to  give  a  distinct  button  of  copper  iii 
the  temperature  oi  an  ordinary  assay,  and,  when  too  stronfi^ly 
heated,  yield  an  alloy  of  iron  and  copper,  caused  by  the  simufia- 
neouB  reduction  of  the  copper  and  a  portion  of  the  protoxide  of 
iron  forming  one  of  the  essential  constituents  of  these  i^isible 
silicates. 

When  sla^  are  readily  acted  on  by  acids,  they  should,  after 
being  properly  pulverised  and  passed  through  a  fine  lawn  sieve, 
be  attacked  by  hydrochloric  acid,  or,  if  this  reagent  be  not  suffi« 
ciently  poweitul,  by  strong  aqua  regia.  Afber  having  heated  the 
flask  in  which  the  attack  is  being  made  until  all  chemical  action 
appears  to  have  ceased,  its  contents  are  carefully  transferred  into 
a  porcelain  evaporating  basin,  where  they  are  reduced  to  dryness 
for  the  purpose  of  rendering  the  silica  completely  insoluble.  The 
residue  is  now  first  moistened  with  hydrochloric  add,  which  is 
afterwards  diluted  with  water,  and  the  soluble  portions  separated 
from  those  which  are  not  dissolved  by  filtration.  The  filtrate 
obtained  contains  the  whole  of  the  copper  present  in  the  sub* 
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«taaoe,  and  which,  with  proper  precautions,  may  be  estimated 
either  hj  precipitation  with  a  bar  of  iron  or  zinc,  by  sulphuretted 
hydrogen,  or  by  the  method  of  Pelouze. 

AMMiy  •f  •ret,  Jfce.  HdsMffliiff  tm  the  flee»M«  CUws. — ^The  mine* 
rals  belonging  to  this  chiss  are  either  sulphurets  or  sulphates,  and 
may  occasionally  contain  selenium.  By  the  assay  of  ores  of  this 
dass  two  very  important  practical  points  are  soufi;ht  to  be  deter* 
mined:  viz.  the  per-centage  of  pure  copper  which  they  contain, 
and  the  amount  of  fusible  sulphurets  or  r^ulus  which  tney  would 
afford  if  treated  in  the  large  way. 

Ftuum/orRegului  or  Matt — ^This  operation  is  extremely  simple, 
and  consists  in  strongly  heating  the  ore  with  some  substance 
capable  of  determining  its  fusion,  and  the  separation  of  its  earthy 
impurities  or  gangue.  These  conditions  are  better  fulfilled  by 
borax  than  by  any  other  flux :  with  an  equal  weight  of  this  reagent 
all  the  ores  belonging  to  the  second  class  are  readily  fused  at  a  dull 
red  heat,  with  the  production  of  a  vitreous  slag,  and  the  formation 
of  a  neat  and  well-defined  button  of  matt  at  the  bottom  of  the 
crucible.  For  this  operation  naked  pots  are  usually  employed, 
and  the  button  is  obtained  by  breaking  the  crucible  after  it  has 
been  allowed  to  cooL  Ghreat  precaution  is,  however,  necessary  in 
this  case  to  enable  the  whole  of  the  matt  being  collected  without 
loss,  as  it  is  exceedingly  brittle,  and  is  liable  to  adhere  somewhat 
firmly  to  the  sides  of  me  pot,  from  which  it  is  not  readily  detached. 
This  inconvenience  may  be  avoided  by  the  use  of  a  lined  crucible 
nmilar  to  those  employed  in  the  assa;^  of  iron  ores ;  but  in  my 
own  practice  I  have  invariably  found  it  much  more  convenieiib 
and  expeditious  to  effect  the  fusion  in  a  common  earthen  pot, 
and,  when  the  contents  are  in  a  perfect  state  of  fusion,  to  pour 
them  rapidly  into  a  cast  iron  mould  having  interiorly  an  elliptical 
form. 

By  operating  in  this  way,  the  earthen  pot  is  not  only  econo* 
miaed  as  being  preserved  for  several  successive  fusions,  but  the 
button  found  at  the  bottom  of  the  mould  is,  with  its  adhering 
ilag,  readily  romoved,  when  cold,  by  turning  it  over  and  giving  it 
two  or  three  smart  taps  against  some  hard  body.  The  subsequent 
separation  of  the  regulus  from  the  vitreous  scoria  above  it,  is 
easily  effected  by  the  use  of  a  small  clusel-edfled  hammer ;  and  a 
sheet  of  brown  paper  should  be  placed  beneaui  the  button  whilst 
being  thus  detached,  in  order  to  collect  any  fragments  of  the 
aulphuret  which  may  be  accidentally  broken  off. 

When  extremely  poor  ores  aro  operated  on,  it  is  advisable  to 
employ  a  lined  eamciole,  but  in  all  other  cases  this  is  by  no  means 
leouiaite. 

The  regulus  thus  produced  consiBts  of  solphuiets  containing  the 
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TnihiTmim  amoiint  of  sulphur ;  and,  as  the  ores  of  copper  are  com- 
posed of  the  higher  sulphurets,  it  follows  that  a  certain  portion  of 
the  combined  sulphur  is  sublimed  during  the  process  of  fusion, 
and,  consequently,  the  difference  between  the  weight  of  the  ore 
origin&llj  operated  on  and  that  of  the  button  of  matt  found,  will 
not  represent  the  weight  of  gangue  with  which  the  mineral  was 
originally  associated. 

AMoy  for  Copper. — To  obtain  copper  fipom  the  ores  of  that 
metal  containing  sulphur,  it  is  necessary  that  this  substance 
shotdd  be  expelkd  hj  roasting,  before  attempting  to  reduce  the 
copper  to  the  metalhc  state  by  deoxidising  fluxes.  It  is  also  of 
the  greatest  importance  that  this  elimination  should  be  most 
commetely  effected,  since,  if  any  traces  either  of  sulphur  or 
sulpnuric  acid  were  allowed  to  remain,  the  slacs  would  retain  a 
portion  of  copper,  and  the  results  be  considerably  vitiated. 

When  the  ores  are  moderately  rich,  and  produce  from  20  to 
85  per  cent,  of  metallic  copper,  the  roasting  and  subsequent  reduc- 
tion of  the  metal  may  be  made  either  directly  on  the  ore  itself  or 
on  the  matt  obtained  from  the  fusion  for  regulus.  In  the  case, 
however,  of  poor  ores,  such  as  those  of  Cornwall,  which  only 
contain  from  8  to  10  per  cent,  of  metal,  it  is  far  better  first  to 
obtain  a  button  of  regulus  by  the  process  described  in  reference  to 
the  poorer  minerals  belou^g  to  the  first  class,  and  afterwards 
treat  this  for  the  copper  which  it  contains  by  subsequent  roasting 
and  reduction. 

If  these  poor  ores  were  directly  roasted  and  reduced,  the  large 
quantities  of  earthy  impurities  present  would  be  found  to  interfere 
materially  with  the  expulsion  of  the  sulphur,  both  by  mechanically 
protecting  it  from  the  action  of  the  air,  and  also  by  affording 
other  homes  with  which  it  may  form  new  combinations  and  give 
rise  to  various  sulphurets  and  sulphates. 

In  the  fusion  oi  calciued  ores  with  reducing  flux,  the  presence 
of  large  quantities  of  earthy  impurities  is  also  extremely  prejudicial 
to  the  success  of  the  operation,  as  the  slags  produced  are  thereby 
rendered  infusible  and  viscid,  and,  consequently,  retain  portions  of 
the  metal  both  in  a  combined  state  and  in  the  form  of  minute 
globules,  which  are  unable,  from  the  impermeability  of  the  mass, 
to  fall  down  and  collect  in  one  button  at  the  bottom  of  the 
crucible. 

The  roasting  of  the  ore  or  fused  regulus  is  conducted  in  the 
same  crucible  in  which  its  subsequent  fusion  with  the  ;reducing 
flux  is  to  take  place,  and,  at  the  commencement  of  the  operation, 
care  is  to  be  taken  not  to  agglutinate  the  pounded  sulpnuret  by 
the  application  8f  too  strong  a  heat.  To  conduct  this  operation 
with  certainty,  the  ore  or  regulus  should  be  first  finely  powdered 
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in  an  iron  mortar,  and  then  placed  in  an  earthen  crucible,  which  is 
arranged  in  an  inclined  position  on  the  coke  of  a  furnace,  of  which 
the  draught  should  be  aunost  entirely  cut  off  by  the  damper.  A 
very  moderate  heat  is  by  this  means  obtained,  and  the  ore  must 
be  Kept  continually  stirred  with  a  slender  steel  rod,  so  that  every 
particle  may  have  been  in  its  turn  exposed  to  the  oxidising 
influences  of  the  atmosphere.  When  a  certain  portion  of  the 
flulphur  has  been  thus  ebminated,  and  a  corresponding  quantity  of 
oxide  formed,  the  crucible  may  be  without  inconvemence  heated 
to  redness. 

At  this  stage  of  the  operation  it  is  found  advantageous  to  heat 
from  time  to  time  the  huf-roasted  mass  to  fiiU  redness,  as  by  this 
treatment  the  sulphurets  and  sulphates  are  reduced  to  the  state  of 
oxide  through  the  elimination  of  the  sulphurous  acid  which  is 
generated  b  v  their  mutual  reaction. 

When  sulphurous  acid  is  no  longer  evolved,  and  the  process  of 
roasting  is  consequently  far  advanced,  the  heat  shoidd  for  some 
minutes  be  raised  to  whiteness,  in  order  to  decompose  the  sul- 
phates ;  and  after  this  is  effected,  the  crucible  is  witndrawn  from 
the  fire  and  allowed  to  cooL 

To  reduce  the  roasted  ore  to  the  metallic  state,  it  must  be  inti- 
mately mixed  with  from  three  to  four  times  its  weight  of  black 
flux,  and,  after  being  again  placed  in  the  crucible  m  which  the 
roasting  was  effected,  and  covered  with  a  layer  of  about  half  an 
inch  of  fused  borax,  its  fusion  is  accomplished  by  exposure  during 
twenty  minutes  to  the  heat  of  a  small  wind  furnace. 

Instead  of  simply  fruing  with  the  addition  of  black  flux  and 
borax,  the  contents  of  the  crucible  may  be  intimately  mixed  with 
a  fourth  of  its  weight  of  lime,  from  10  to  20  per  cent,  (according 
to  the  richness  of  the  ore)  of  finely  powdered  charcoal,  and  one 
and  a  half  times  its  weight  of  soda  asn :  this  mixture,  when  inti- 
mately blended,  is  introduced  into  the  crucible  in  which  the  ore 
was  roasted,  and,  after  being  slightly  pressed  down^  is  covered 
with  a  layer  of  about  200  grains  of  dried  borax. 

The  open  crucible,  when  thus  prepared,  is  introduced  into  the 
Are,  and  closed  during  a  quarter  of  an  hour  to  a  dull  red  heat. 
At  the  expiration  of  this  time  the  intumescence  of  the  contents  of 
the  pot  will  have  entirely  ceased,  and  it  must  now  be  covered 
with  an  earthen  lid  and  exposed  to  a  bright  red  heat  bordering  on 
whiteness  for  another  quarter  of  an  hour.  The  reduction  and 
fusion  of  the  ore  will  be  now  folly  effected,  and  the  crucible  and 
its  contents  must  be  removed  fr^om  the  furnace  by  the  use  of 
proper  ton^ 

To  obtam  the  button  of  metal,  the  contents  may  be  either 
rapidly  transferred  into  the  mould  before  described,  or  if  it  be  pre- 
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ferred,  the  crucibla  can  be  allowed  to  cool,  and  being  afterwards 
broken,  the  slag  and  other  adhering  aubstanoea  may  be  removed 
with  a  hammer. 

In  most  instanoea  the  roasting  of  minerals  belonging  to  this 
dass  may  be  conducted  without  difficulty,  as  the  only  care  neces- 
sary is  to  prevent  the  agglutination  of  the  particles  by  the  appli* 
cation  of  too  strong  a  heat  at  the  commencement  of  the  operation. 
If^  however,  the  button  obtained  has  not  a  bright  metallic  sur&ee^ 
but  is  covered  with  a  laver  of  matt  of  a  fireater  or  less  thickness, 
it  is  sufficient  evidence  that  the  whole  of  the  sulphur  has  not  been 
expelled,  and  consequently  that  anotiier  assay,  preceded  by  a  more 
careful  roasting,  muist  be  made. 

To  assist  in  the  elimination  of  the  last  traces  of  sulphur,  which 
in  the  form  of  sulphate  is  apt  in  some  instances  to  De  retained 
with  considerable  obstinacy,  Mr.  Mitchell  recommends  that  at 
the  dose  of  the  operation,  and  whilst  the  crudble  and  its  contents 
atill  remain  red-hot,  a  quantity  of  pulverised  carbonate  of  ammon]l^ 
equal  in  weight  to  one-tenth  the  total  quantity  of  ore  employed, 
ahould  be  ^adually  and  carefully  added,  and  thoroughly  inow- 
porated  by  stirring,  with  the  roasted  mineral. 

By  this  treatment  the  various  sulphates  formed  are  readily 
decomposed  with  formation  of  sulphate  of  ammonia,  which,  being  a 
volatile  salt,  is  at  once  carried  off  in  the  state  of  vapour,  and  eveiy 
trace  of  sulphur  completely  removed. 

This  injection  of  carbonate  of  ammonia  into  the  pot  is  however 
attended  with  inconvenience,  as  the  rapid  evolutum  of  vi^ur 
which  takes  place  on  its  coming  in  contact  with  the  higU^  h^ted 
ore,  invariably  causes  a  considerable  loss,  by  cairving  off  with  it 
aome  of  the  mineral  in  a  fbiely  divided  state ;  and  it  is  therefore 
generally  best  not  to  have  recourse  to  this  salt,  particularly  as 
with  proper  care  the  whole  of  the  sulphur  may  be  entirely  elimi* 
natea  by  the  alternate  heatings  and  roastings  already  described. 

The  sulphates  of  copper  are  completdv  decomposed  by  heat, 
and  are  therdbre  readily  assayed,  by  first  driving  off  the  sulphuiic 
add  by  heating  to  whiteness  in  an  earthen  crucible,  and  subset 

Juently  fusing  the  residue  in  the  same  pot  with  a  due  admixture 
Bay  three  parts)  of  black  flux.  Instead  of  Uack  flux,  the  mixture 
of  lime,  charcoal,  carbonate  of  soda,  and  borax,  described  with 
reference  to  the  roasted  sulphureta  bdonging  to  this  dass,  may  be 
employed. 

The  sulphates  of  copper,  being  soluble  salts,  are  very  readily 
assayed  by  the  wet  way,  as  they  ma^  be  at  once  dissolved  in 
water,  and  the  metal  tnrown  down  m>m  the  filtered  liquid  by 
the  introduction  of  a  bar  of  dt^r  iron  or  sine.  The  resulting 
metallic  copper,  after  being  washed  in  dilate  hydrochloric  add  to 
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TemoTe  any  adhering  snbsalt  of  iron,  if  the  precipitaiidn  has  been 
effected  by  the  use  of  that  metal,  may,  when  thoroughly  washed^ 
be  either  dried  at  a  low  temperature,  and  weighed  as  metallic 
copper,  or  be  estimated  as  oxide  after  being  carefully  roasted  with 
fi:ee  access  of  air. 

Assay  af  Ores  af  tMe  ThML  Class. — ^The  minerals  belonging 
to  this  class  are  to  be  treated  in  a  similar  way  to  those  of  the 
second,  but  the  preliminary  roasting  will,  firom  the  great  Visibility 
of  these  ores,  require  to  be  conducted  with  some  precaution,  and 
the  button  obtained  by  the  reduction  of  the  calcined  ore,  instead 
of  being,  as  in  the  former  cases,  pure  copper,  will  consist  of  an 
alloy  of  .that  metal  with  the  other  metallic  substances. 

When  the  ore  contains  lead,  the  process  of  roasting  must  be 
conducted  with  the  matest  care,  as  it  is  then  extremely  difficult 
so  to  moderate  the  neat  as  to  expel  the  arsenic  and  sulphur,  and 
at  the  same  time  prerent  the  agglomeration  of  the  powder. 

In  eveiy  instance  the  assay  of  minerals  belonging  to  this  dass 
should  be  commenced  by  a  fusion  for  matt,  as  by  operating  in  this 
way  the  sulphurets  are  not  only  reduced  to  a  mmimum  state  of 
sulphuration,  but  a  very  large  proportion  of  the  associated  arsenic 
is  also  driven  off. 

When  an  ore  contains  an  arseniuret  of  copper,  a  certain 
portion  of  arsenic  is  CTolyed  during  the  process  of  roasting,  and 
copper,  oxide  of  copper,  and  arseniate  of  copper,  are  the  first 
results.  On  being  singly  heated,  the  arseniate  of  copper  formed| 
and  the  undecomposed  arseniuret,  react  on  each  other,  and  arse- 
nious  acid  is  evolved.  When,  however,  the  whole  of  the  arseniuret 
present  has  heeai  decomposed,  no  further  elimination  of  arsenic 
can  be  so  effected,  and  it  becomes  necessary  to  heat  the  half« 
roasted  ore  to  bright  redness,  with  the  addition  of  powdered  char- 
coal, which  aeain  gives  rise  to  the  expulsion  of  a  firesh  portion  of 
arsenious  acid,  produced  by  the  deoxidation  of  the  arseniates 
formed. 

By  repeatedly  acting  in  this  wa^,  avery  large  proportion  of  the 
arsenic  present  may  be  got  rid  of,  but  a  small  quantity  will  inva* 
riably  be  retained  m  the  mixture,  and  contaminate  the  button  of 
■copper  resulting  from  its  subsequent  treatment. 

The  purification  of  the  alloy  obtained  is  now  to  be  effected  by  a 
process  called  refining.  This  operation  has  for  its  object  the 
separation  of  all  the  more  oxidisable  metals  with  which  the  copper 
is  associated,  and  is  carried  on  in  an  ordinair  muffle  furnace.  Ab 
A  support  for  the  button  of  alloy,  a  bone-asn  cupel  is  commonly 
employed,  and  as  a  considerable  defi;ree  of  heat  is  required,  tbie 
fuinace  should  have  a  cood  drau^t«  When  the  fiimace  and 
cupel  have  become  heated  to  bright  redness,  the  button  of  impure 
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copper  is  introdaced  with  proper  tones,  and  the  opening  of  the 
muffle  closed  during  a  few  minutes  with  its  stopper,  in  order  to 
exclude  the  air,  and  cause,  hj  the  temporary  eWation  of  tem- 
perature, the  fusion  of  the  metal. 

When  the  button  has  become  melted,  and  the  door  has  been 
again  removed  from  the  mouth  of  the  muffle,  the  addition  of  a 
little  pure  lead  is  made  to  the  fluid  alloy,  and  the  operation  of 
refining  at  once  begins.  The  lead,  the  combined  metals,  and  a 
portion  of  the  copper  itself,  are  thus  oxidised,  and  form  a  fusible 
compound  which  surrounds  the  central  globule  of  metallic  ^copper, 
and  IS  gradually  absorbed :  the  button  now  appears  to  be  agitated 
by  a  rapid  rotatory  motion,  and  is  constantly  covered  by  a. brilliant 
iridescent  pellicle.  At  the  point  at  which  the  process  of  refining 
is  about  to  terminate,  this  movement  becomes  more  rapid,  and  the 
colour  of  the  coating  of  oxide  grows  brighter,  but  the  button  of 
metal  soon  becomes  suddenly  consolidated,  and  the  pellicle  of 
oxide  at  the  same  time  entirely  disappears. 

These  appearances  constitute  what  is  called  the  brightening  of 
the  button,  which,  with  the  cupel  on  which  it  is  supported,  may 
be  at  once  removed  from  the  muffle. 

The  refined  metal,  when  taken  from  the  cupel,  is  invariably 
covered  with  a  coating  of  oxide,  which  is  extremely  difficult  to 
remove  when  the  coolii^  has  been  allowed  to  take  place  gradually, 
but  if,  on  withdrawing  the  button  and  its  support  m>m  the  furnace, 
they  be  immediately  plunged  into  water,  the  oxidised  coating 
becomes  so  far  detached  as  to  admit  of  being  easily  removed  by  a 
few  blows  of  a  light  hammer. 

The  cleansing  of  the  refined  metal  is  still  frirther  facilitated  by 
throwing  on  the  button,  immediatelv  after  it  has  brightened,  and 
before  removing  it  from  the  muffle,  about  seven  per  cent,  of 
vitrified  borax,  in  fine  powder.  The  covering  of  fused  borate  of 
soda  with  which  it  is  in  this  case  covered,  will  be  found  extremely 
brittle,  and  but  slightly  attached  to  its  -  surface,  as  the  first  blow 
of  a  hammer  is,  in  most  instances,  sufficient  for  its  removal.  The 
same  results  may  be  obtained  by  plunging  the  button,  whilst  red 
hot,  in  a  weak  solution  of  phosplmte  of  soda.  The  resulting  cop- 
per, if  perfectly  refined,  should  oe  very  malleable,  and  have  a  fuU* 
red  colour. 

The  per-centage  amount  of  copper  contained  in  the  button  of 
alloy  cannot,  however,  be  directly  deduced  from  the  weight  of 
refined  metal  obtained,  as  a  portion  of  copper  is  not  only  carried 
off  in  the  state  of  oxide  with  the  lead  and  other  metals,  and  con- 
aequently  absorbed  in  the  cujpel,  but  a  certain  quantity  is  likewise, 
expended  in  the  formation  oi  the  coating  of  oxide  or  borate  with 
wmch  its  surface  is  invariably  covered,    with  regard  to  the  copper 
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ores  thiiB  treated,  two  distinct  cases  may  occur ;  they  may  either 
contain  lead,  or  be  entirely  free  from  all  mixture  of  that  metal. 
When  none  is  present,  a  tenth  part  of  lead  is  added,  in  successive 
portions,  until  the  copper  be  pure.  To  determine  the  true  pro- 
portion of  copper  contained  in  the  alloy,  Berthier  recommends 
that  one-eleventh  of  the  weight  of  all  oxidisable  metals,  including 
the  lead  added,  and  one-ten^  of  the  weight  of  the  borax  thrown 
on  the  cupel,  should  be  added  to  that  of  the  assay  button  obtained. 
This,  however,  though  sufficiently  near  the  truth  for  many  practical 
purposes,  cannot  be  rigorously  exact,  as  the  loss  experienced  must 
depend,  not  only  on  the  amount  of  oxidisable  metals  present,  but 
also  on  the  nation  of  these  metals,  and  the  degree  of  heat  to  which 
the  button  may  have  been  subjected  during  the  process  of  refining. 

When  copper  is  associated  with  lead,  it  may  either  be  present 
in  too  small  proportion  for  the  purposes  of  refining,  or  may  be 
sufficient,  or  too  much,  for  immediate  treatment  on  the  oupel.  In 
the  first  case  lead  must  be  added  by  tenths,  until  the  copper 
remains  pure ;  in  the  second  it  becomes  unnecessary  to  make  any 
addition ;  and  in  the  third  instance  a  weighed  quantity  of  fine 
copper  must  be  supplied ;  after  which  the  assay  is  conducted  with 
the  usual  precautions,  and  the  ordinary  deductions  and  allowances 
made. 

The  proportion  of  copper  contained  in  a  button  of  alloy,  can, 
however,  be  at  once  determined,  without  making  any  of  the  sun- 
positions  which  are  necessary  by  the  method  skbeaay  describea ; 
and  this  mode  of  operating  is  consequently  in  some  instances  to 
be  preferred,  particularly  when  the  alloy  examined  abeady  contains 
lead,  as  in  such  cases  it  is  requisite  to  determine,  with  at  least  a 
tolerable  degree  of  approximation,  the  amount  of  that  metal,  before 
being  enabled  to  allow  for  the  loss  experienced  by  the  copper. 

To  obviate  this  inconvenience,  two  cupels  should  be  placed  side 
by  side  in  a  well  heated  muffle,  and  when  sufficiently  hot,  an  equal 
quantity  of  pure  lead,  say  400  grains,  is  to  be  introduced  into  each. 
As  soon  as  this  has  become  melted,  and  presents  a  bright  even 
surface,  100  grains  of  pure  copper  are  added  to  the  one,  and  an 
equal  weight  of  the  alloy  to  be  examined  to  the  other. 

The  remun^  is  now  conducted  in  the  usual  way,  and  on  weigh- 
ing the  resultmg  buttons,  that  from  the  pure  copper  will  be  found 
to  be  the  heavier.  If,  then,  we  allow,  wnich  must  be  very  nearly 
the  case,  that  the  difierence  between  the  two  weights  corresnonda 
to  the  quantity  of  foreign  metal  contained  in  the  alloy,  ana  that 
the  actual  quantity  of  copper  oxidised  is  the  same  in  both  instances, 
it  follows  that  by  adding  to  the  weight  of  the  button  obtained 
fix)m  the  alloy,  the  loss  experienced  on  the  pure  copper,  we  shall 
at  once  obtain  the  totol  quantity  of  copper  originally  contained  in 
the  mixture.  (  -  ,^,^^  i  ^ 
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This  aMumption,  though  not  in  all  cases  strictly  correct,  is 
sufficiently  exact  for  commercial  purposes,  and  afifords  good  data 
by  which  to  calculate  the  amount  of  copper  which  could  be 
■extracted  from  such  alloys  by  ordinary  metallurgic  treatment. 
The  process  of  refining  will  in  every  respect  be  precisely  the  same, 
whetner  the  metal  treated  be  an  artificial  alloy,  or  the  product 
of  the  immediate  reduction  of  the  roasted  ores  belonmig  to  the 
third  dass ;  and  when  the  process  last  described  is  employed,  there 
is  no  inconyenience  in  the  use  of  a  large  excess  of  lead  on  the  cupeL 

Ssttmatieii  of  €eppcr  by  tke  Wet  Way. — To  assay  copper 
ores  by  the  humid  way,  they  should,  after  being  properly  pul- 
yerised^  be  treated  with  aqua  re^  diluted  with  water,  and  the 
liquid  supersaturated  with  ammonia^  and  filtered.  The  precipitate 
must  also  be  washed  with  ammonia,  until  the  drops  passing 
through  the  filter  haye  become  perfectly  colourless,  after  whi(£ 
the  filtrate  must  be  eyaporatedto  dryness,  to  expel  the  ammoniacal 
salts,  and  the  fixed  residue  dissolyed  in  hydrochloric  acid,  from 
which  solution  the  copper  is  preci{>itated  by  a  plate  of  iron  or 
ainc,  and  estimated  with  the  precautions  already  detailed. 

Should  the  mineral  operated  on  be  suspectea  to  contain  silyeri 
it  becomes  necessary  to  filter  the  solution  in  aqua  regia,  before 
the  addition  of  ammonia,  by  which  the  chloride  of  silyer,  if  any 
were  present,  would  be  readily  dissolved,  and  either  cause  an 
explosion  on  evaporating  to  dryness,  or  be  reduced  together  with 
oopper  to  the  metallic  state,  on  the  introduction  of  the  bar  of  iron 
or  zinc. 

HBTALLUBGT  OT  OOPFBB. 

The  ores  most  frequently  treated  for  copper  are  the  sulphuretS) 
and  of  these,  copper  pyrites  is  by  &r  the  most  abundant  and  im- 
portant. Copper  fflance  and  grey  copper  ore  are  also  abundantly 
found  in  some  loctrnties,  and  are  valuable  sources  of  this  metal. 

The  grey  ore,  or  Fahlerz,  in  many  instances  contains  silver,  and 
is  on  tbit  account  subjected  to  various  processes  in  order  to  effect 
its  separation. 

The  oxides  and  carbonates  are  of  more  rare  occurrence,  and  are 
for  this  reason  less  extensively  employed  for  smelting  purposes ; 
but  contain  a  much  larger  per-centage  of  metal,  and  are  oonae* 
quently  valuable  in  the  same  proportion.  These  ores  (the  oxides 
and  carbonates)  afford  the  metal  which  they  contain  with  great 
fiiKality,  and  therefore  admit  of  veir  simple  metallurgic  treatment. 
By  simple  fusion  in  a  small  blast  nimace  with  a  due  admixture  of 
iiueeous  slags,  they  yield  a  metallic  alloy  known  by  the  name  of 
black  copper,  and  wnich,  after  being  subjected  to  a  process  of 
refining,  is  converted  into  the  ordinary  cake  copper  of  the  markets* 

Digitized  by  LjOOQIC 


HSTALLI7B<}T  07  COPPEB.  d49 

The  BulpliuretB  of  copper  are,  on  the  contrary,  extremely  diffi- 
cult to  reduce,  and  require  aeyeral  preliminary  roastings  before 
this  can  be  effectually  accomplished.  The  object  of  this  is  to 
transform  a  large  proportion  or  the  sulphurets  present  into  oxides 
by  the  oxidising  influence  of  the  air.  The  roasted  ores  are  after- 
wards fused,  either  with  siliceous  matters,  used  as  a  flux,  or  with 
other  ores  containing  a  proper  amount  of  silica,  in  a  reverberatory 
furnace  or  cupola,  by  which  means  a  liquid  matt,  rich  in  copper, 
and  containing  a  smaller  per-centage  of  sulphur  than  the  origmal 
ore,  is  obtained. 

Copper,  when  thus  treated,  has  a  stronger  affinity  for  sulphur 
than  the  iron  with  which  it  is  associated ;  whilst,  on  the  contrary, 
the  latter  very  readily  combines  with  oxygen,  particularly  in  the 
presence  of  silicic  acid,  by  combining  with  which  various  silicates 
of  the  protoxide  of  iron  are  produced.  The  oxide  of  copper 
formed  during  the  process  of  roasting  is,  irom  this  cause,  entu^ly 
converted  into  sulphuret,  at  the  expense  of  the  sulphuret  of 
iron  and  fusible  silicate  of  that  metal,  and  a  fluid  matt,  rich  in 
copper,  is  the  result  of  the  operation.  The  siliceous  slag  thus 
contains  the  mater  portion  of  the  iron  originally  present  in  the 
pyrites,  and  the  matt  produced  consists  of  nearly  the  whole  of  the 
sulphuret  of  copper,  together  with  traces  of  sulphuret  of  iron 
which  have  not  been  entu^ly  decomposed.  This  product  is  again 
subjected  to  a  further  roasting,  ana  is  subsequently  fiised  either 
with  siliceous  matter,  or  with  a  natural  carbonate  or  oxide  of 
copper  containing  a  proper  amount  of  silica.  By  these  means 
another  slag  is  obtained  at  the  expense  of  the  greater  portion  of 
the  iron  contained  in  the  first  matt,  whilst  that  which  is  now  pro- 
duced is  still  richer  in  copper  than  that  resulting  from  the  first 
fusion  of  the  ore.  These  operations  are  successively  repeated 
until  an  impure  black  copper  is  produced,  together  with  a  certain 
portion  of  very  rich  matt  and  a  fusible  slag.  The  matt  thus  ob- 
tained is  added  to  that  produced  in  other  operations,  and  conse- 
quently the  final  result  will  in  all  cases  be  black  copper,  which  is 
afterwards  rendered  ductile  and  malleable  by  being  subjected  to  a 
process  of  refining. 

The  details  of  the  processes  by  which  copper  is  obtained  from 
its  ores  vary  exceedingly  in  different  localities,  and  it  would,  there- 
fore, be  impossible,  within  the  limits  of  the  present  Treatise,  to 
describe  the  whole  of  them  with  any  degree  of  exactness ;  I 
shall  therefore  confine  myself  to  some  of  the  more  important 
methods,  which  may,  at  the  same  time,  be  considered  as  types  of 
the  various  classes  to  which  they  belong. 
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In  this  country,  where  more  than  one-half  of  the  copper  con- 
sumed in  the  world  is  annually  produced,  a  very  complicated  sys- 
tem of  metallurgic  treatment  is  adopted. 

The  most  important  mines  of  Great  Britain  are  those  of  the 
county  of  Cornwall,  and  the  principal  establishments  for  the 
metallurgic  treatment  of  copper  ores  are  situated  in  the  neigh- 
bourhood of  Swansea,  in  South  Wales.  These  smelting  worka^ 
besides  reducing  the  ores  obtained  fix)m  the  mines  of  the  West  of 
England,  are  dso  furnished  with  a  considerable  annual  supply 
from  various  other  countries ;  such  as  South  Australia,  Chili,  Peru, 
and  the  island  of  Cuba. 

The  minerals  treated  in  this  locality  may  be  divided  into  various 
classes  in  accordance  with  their  respective  richness  in  copper  and 
the  nature  of  the  substances  with  which  the  metal  is  associated. 

The  1st  class  consists  of  copper  pyrites  nuxed  with  large 
quantities  of  iron  pyrites,  and  accompanied  with  but  a  very  small 
amount  of  either  oxide  or  carbonate  of  copper.  The  gangue 
usually  contains  much  earthy  and  siliceous  matters;  the  per- 
centage of  metal  varies  from  3  to  16  per  cent. 

2d  Class. — Copper  pyrites  having  nearly  the  same  chemical 
composition  as  the  minerals  of  the  above  class,  but  much  richer  in 
copper.  These  ores  may  contain  from  15  to  25  per  cent,  of  me- 
tallic copper. 

3d  Class. — Copper  pyrites  containing  but  a  small  proportion  of 
iron  pyrites,  or  any  ingredient  liable  to  deteriorate  the  quality  of 
the  metal  produced,  but  a  larger  amount  of  the  various  oxidised 
ores  of  copper. 

4th  Clfl«s. — Minerals  chiefly  composed  of  the  oxides  and  car- 
bonates of  copper  mixed  with  variable  proportions  of  the  sul- 
phuretted ores  of  the  same  metal.  These  minerals,  which  are 
usually  associated  with  quartz,  contain  from  20  to  30  per  cent,  of 
pure  copper. 

5th  Class. — Oxidised  minerals,  extremely  rich,  free  from  sulphur 
and  all  substances  exerting  a  pernicious  influence  on  the  quality 
of  the  metal  obtained.  These  ores  frequently  contain  above  80 
per  cent,  of  copper,  which  exists  either  in  the  metallic  state  or  as 
a  mixture  of  the  carbonate  with  the  red  oxide.  These  choice 
minerals  are  associated  with  a  siliceous  gangue,  and  are  brought 
either  from  Chili  or  South  Australia. 

The  details  of  the  diflerent  operations  employed  for  the  reduc- 
tion of  copper  ores  by  the  Welsh  method  are  sometimes  slightly 
varied  so  as  to  suit  the  peculiarities  of  the  various  ores  treated ; 
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but  M.  Le  Plaj,  who  has  closely  stadied  the  &brication  of  this 
metal  in  the  smelting  establishments  of  Swansea,  is  of  opinion  that 
the  whole  of  the  manipulations  practised  in  the  works  of  that 
district  maj  be  comprehended  under  the  ten  following  pro- 
cesses : — 

I. — Calcination  of  ores  of  the  first  and  second  classes. 
II. — Melting  for  coarse  metal,  or  fusion  of  the  roasted  ores 
with  minerals  of  the  third  class  not  calcined. 
III. — Calcination  of  the  coarse  metal. 

rV. — Melting  for  white  metal,  or  fusion  of  the  coarse  metal, 

with  the  addition  of  rich  minerals  belonging  to  the 

fourth  class. 

V. — Melting  for  blue  metal,  or  fusion  of  the  calcined  coarse 

metal  with  roasted  minerals  moderately  rich  in  copper. 

VI. — ^Eemelting  of  slags,  or  fusion  of  the  rich  slags  obtained 

from  the  operations  IV.  VII.  VIII. 

VII. — ^Boasting  for  white  metal,  or  production  of  white  metal 

of  extra  quality.    This  operation  sometimes  includes 

the  roasting  of  the  blue  metal  obtained  in  process  V. 

VIII. — Eoasting  for  regulus,  or  preparation  of  extra  white  metal. 

IX. — Preparation  of  crude  copper  by  the  roasting  and  fusion 

of  ordinary  white  metal,  regulus,  &c. 
X. — ^Eefining  and  toughening  of  the  crude  copper,  and  produc- 
tion of  malleable  metal. 

I. — The  metallurgic  treatment  of  the  ores  of  copper  commences 
by  roasting  minerals  belonging  to  the  1st  Class  in  a  reverberatory 
furnace,  of  which  fig.  145  represents  a  rertical,  and  fig.  146  a 
horizontal  section  made  in  the  direction  of  the  line  a  b.  The 
hearth,  or  laboratory  of  this  furnace  b,  which  is  16  feet  in  length 
and  18  feet  6  inches  in  width,  is  formed  of  refractory  bricks  set 
on  edge,  and  firmly  bedded  in  fire-clay.  The  arch  descends  rapidly 
from  the  fire-place  r  to  the  flue-holes  h  by  which  the  gases  of  the 
furnace  escape  through  a  proper  flue  into  a  high  chimney.  A 
current  of  cold  air  is  admitted  into  the  apparatus  by  an  aperture 
i/,  which  admits  of  being  either  partially  or  entirely  closed  by  a 
damper  sliding  in  a  groove. 

Tne  two  opposite  sides  of  the  furnace  are  placed  on  a  level  with 
the  hearth,  with  four  rectangular  openings  or  doors,  a,  immediately 
before  which,  in  the  floor  of  the  laboratory  itself,  are  situated  four 
openings,  e,  of  nearly  the  same  size  and  form  as  the  working 
doors  of  the  furnace.  During  the  time  this  apparatus  is  in  action 
these  are  closed  by  iron  plates,  which  are  removed  at  the  close  of 
each  operation  in  order  to  allow  the  roasted  charge  being  raked 
through  them  into  the  arched  chambers  o  immediately  beneath.  , 
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The  arch  of  the  furnace,  the  mean  height  of  which,  from  the 
hearth  s,  is  two  feet,  supports  two  large  hoppers  of  sheet  iron  s, 
in  which  is  placed  the  mineral  afterwanis  to  undergo  the  proceaa 


146. 
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of  roasting.  These  spouts  are  provided  with  sliding  doors  at  their 
lower  extremities,  by  the  withdrawal  of  which  the  ore  may  be 
made  to  fiEdl  directly  on  the  bottom  of  the  arrangement. 

The  combustible  employed  in  the  Welsh  Copper  Works  is  the 
anthracite  found  in  that  district,  which  ignites  with  considerable 
difficulty,  and  is  liable,  under  the  influence  of  heat,  to  divide  into 
extremely  small  fragments.  On  this  account,  if  consumed  on  an 
ordinary  grate,  the  fire  would  soon  become  choked  from  the  ac- 
cumulation of  fine  dust,  by  which  the  draught  becomes  obstructed. 
The  flame  obtained  from  this  substance  under  ordinanr  circum- 
stances would,  moreover,  not  be  of  sufficient  length  to  heat  in  a 
uniform  manner,  in  its  whole  extent,  the  hearth  of  the  furnace.* 

Both  these  inconveniences  are,  however,  perfectly  obviated  by  a 
very  simple  and  ingenious  contrivance,  by  which  the  fuel  is  con- 
sumed on  a  grating  so  constructed  as  to  supply  it  constantiy  with 
the  amount  of  heated  air  necessary  for  its  combustion.  'Aie  an* 
thracite,  in  burning,  leaves  a  proportion  of  eaith.j  matter,  which,  at 
a  high  temperature,  is  readily  fused  into  a  siliceous  slag,  and 
with  this  the  smelter  forms  a  kind  of  hollow  grate,  which  is  sup- 
ported by  a  few  bars  of  iron  placed  at  considerable  distances  from 
each  other.  To  prepare  a  grating  of  this  kind  some  large  frag- 
ments of  scoria  are  so  placed  on  the  bars  as  to  form  a  first  layer, 
and  on  this  the  ashes  of  the  combustible  are  allowed  to  accumulate 
in  proportion  as  they  are  produced :  by  the  fusion  of  these  cinders 
numerous  fragments  of  anthracite  become  imbedded  and  aggluti- 
nated together,  and  a  kind  of  spongy  siliceous  mass,  traversed  by 
a  great  number  of  apertures,  is  the  result.  When  these  matters 
have,  through  repeated  accumulations,  become  raised  to  a  sufficient 
height  from  the  bars,  their  further  increase  is  prevented  by  occa- 
sionally causing  the  fall  of  the  lower  portions  by  the  use  of  a  long 
bar  of  iron.  In  this  way  are  formed,  through  the  earthy  mass,  a 
sufficient  number  of  channels  te  yield  a  free  passa^  to  the  air 
necessary  for  the  combustion  of  the  fuel,  and  which,  in  passing 
through  the  interstices  of  the  heated  slag  itself,  acquires  a  con- 
sideraole  elevation  of  temperature;  these  apertures,  although 
sufficiently  numerous  for  the  passage  of  air,  are  too  small  to 
allow  the  finely-divided  anthracite  to  descend  inte  the  space  be- 
neath the  bars.  The  anthracite  used  for  fuel  is  mixed  with  about 
one-fourth  part  of  its  weight  of  the  screenings  of  a  caking,  bitu- 
minous variety  of  coal,  which  serves  to  bind  together  the  com- 
bustible, and  impart  to  it  the  necessary  degree  of  porosity. 

The  air  passing,  by  an  almost  infinite  number  of  channels,  through 
the  stratum  of  anthracite  thus  arranged,  is  principally  converted 
into  carbonic  oxide  gas,  which,  together  with  the  nitrogen  result- 
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ing  from  tlie  decomposition,  passes  over  the  fire  bridge  into  the 
laboratory  of  the  furnace.  Here  it  takes  fire,  and  is  consumed  at 
the  expense  of  the  atmospheric  air  which  enters  by  the  opening  d^ 
as  well  as  by  various  small  holes  left  in  the  iron  plates,  by  which 
the  lateral  openings  are  closed  during  the  roasting.  In  this  way 
the  whole  internal  cavity  of  the  furnace  is  constantly  occupied  by 
a  long  sheet  of  flame,  caused  by  the  ignited  carbonic  oxide  gas, 
which  bums  on  coming  into  contact  with  a  stratum  of  atmospheric 
air  so  admitted  as  to  spread  immediately  over  the  surface  of  the 
hearth.  The  minerals  spread  on  the  sole  are  consequently 
exposed  to  a  current  of  air,  above  which  is  a  parallel  sheet  of  car^ 
bonic  oxide  gas,  which  is  inflamed  at  its  lower  surface,  where  it 
comes  in  contact  with  the  oxidising  stratum,  and  thereby  affords 
the  amount  of  heat  necessary  to  carry  on  the  operation. 

The  working  of  a  charge  of  ore  commences  without  any  interval 
in  the  action  of  the  furnace,  and  is  begun  immediately  after  the 
withdrawal  of  the  calcined  ore  resulting  ftom  the  preceding  shift. 
Each  charge  varies  in  weight  from  three  to  three  and  a  half  tons, 
and  is  introduced  by  withdrawing  the  sliding  dampers  from  the 
bottom  of  the  hoppers,  in  which  the  ore  is  placed  during  the  work- 
ing of  the  preceding  parcel.  As  soon  as  it  nas  been  let  down,  it  is 
spread  evenly  over  the  surface  of  the  hearth,  by  long  iron  rakes, 
successively  introduced  through  the  four  working  doors,  which  are 
securely  closed  immediately  that  the  bottom  of  the  furnace  has  been 
properly  covered.  At  the  expiration  of  two  hours  these  are  again 
removed,  and  the  ore  is  stirred  with  long  iron  bars,  in  order  to 
expose  a  new  surface  to  the  oxidising  influences  present. 

This  operation  is  repeated  at  intervals  of  two  hours,  and  after 
the  expiration  of  twelve  hours  the  roasting  is  considered  to  be 
sufficiently  advanced.  In  order  to  withdraw  the  charge,  the  work- 
men open  the  four  working  doors  a,  and  after  having  removed  the 
plates  of  iron  which  cover  the  openings  e,  draw  the  mineral 
through  the  apertures  by  the  use  of  iron  rakes,  and  cause  it  to 
fall  into  the  arched  chambers  o,  from  which,  when  sufficiently 
cooled  down,  it  is  removed  in  order  to  be  charged  in  the  ftising 
furnace  of  the  next  operation. 

II. — This  furnace  is  represented  by  figs.  147  and  148,  of  which 
the  first  is  a  vertical,  and  the  second  a  norizontal  section.  The  fuel 
employed  for  the  fusion  of  the  roasted  ore  consists  of  a  mixture  of 
two-thirds  of  anthracite,  and  one-third  of  caking  coal  screenings, 
which,  as  in  the  former  case,  are  burned  on  a  layer  of  slag  sup- 
ported on  iron  bars.  The  heat  in  this  instance  also  is  produced 
oy  the  combustion  of  carbonic  acid  gas,  but  a  much  hi^er  tem- 
perature is  attained  by  a  considerable  increase  of  draught.  The 
sole,  8,  is  composed  of  vitreous  slags,  and  is  so  lowered  at  the 
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147. 


point,  B,  as  to  afford  a  kind  of  internal  basin.     To  form  a  charge 


148. 
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for  this  Aimaoe,  a  certain  amoant  of  raw  mineral,  belonging  to  > 
the  3rd  Claas,  and  rich  slags  from  other  operations,  are  added  to ' 
the  roasted  ore,  which  is  also  mixed  with  a  small  proportion  of 
fluor  spar,  for  the  purpose  of  imparting  a  greater  deme  of  li^nidit^ 
to  the  scoriiB.  Bj  means  of  the  reactions  which  t&e  place  m  this 
arrangement,  the  copper  is  made  chiefly  to  combine  with  the  sul- 
phur, whilst  the  iron,  uniting  with  orv^n,  is,  in  the  form  of 
variously  composed  silicates,  carried  off  m  the  slags  produced. 
In  addition  to  this,  the  oxides  and  sulphurets  are  made  to  react  on 
each  other,  and  by  this  means  the  elimination  of  a  further  quantity 
of  sulphurous  acid  is  determined. 

This  operation  occupies  four  hours,  and  the  products  consist  of 
a  matt  containing  the  greater  proporl^on  of  the  copper  in  the  state 
of  sulphuret,  combined  with  a  certain  quantity  of  sulphuret  of 
iron,  and  a  slag  extremely  rich  in  oxide  of  iron,  and  containing 
numerous  disseminated  fragments  of  quartz,  which  gives  to  the 
whole  a  thick  pasty  consistency.  These  slags  are  removed  by  an 
iron  rake,  through  tne  door  d,  placed  at  the  end  of  the  furnace, 
opposite  the  grate,  from  whence  it  falls  into  a  series  of  sand 
moulds,  M,  where  it  assumes  the  shape  of  rectangular  bricks. 

At  the  same  time  that  the  scoriae  are  being  removed,  the  tap 
hole,  a,  is  opened,  and  the  matt  flows  in  a  small  continuous  stream 
through  the  cast  iron  channel,  a,  a,  into  the  vessel  fiill  of  water,  t, 
where  it  becomes  divided  into  shot-like  fragments.  These  granu- 
lations are  collected  in  a  perforated  wrought  iron  pan,  which, 
after  the  cooling  of  the  matt,  is  withdrawn  by  the  aid  of  the 
winch,  w.  This  matt,  which  is  known  by  the  name  of  coarse 
metal,  contains,  on  an  average,  about  33  per  cent,  of  metallio 
oom)er. 

The  scori»  resulting  frx)m  the  foregoing  operation  are  broken 
with  a  heavy  hammer,  and  subjected  to  a  careful  examination. 

Those  which  contain  a  considerable  amount  of  copper  are  pre- 
served for  the  purpose  of  being  remelted  with  other  roasted  ores, 
and  the  remainder  are  rejected  as  entirely  useless. 

m. — The  furnace  employed  for  calcining  the  granulated 
coarse  metal  has  the  same  dimensions,  and  in  every  other  respect 
exactly  resembles,  that  used  for  roastiiig  the  crude  ore  in  the  first 
operation.  The  chief  object  of  this  calcination  is  the  oxidation  of 
the  iron  present  in  the  matt,  which  is  more  readily  effected  at  this 
stage,  from  the  almost  complete  removal  of  the  earthy  and  siliceous 
matters  by  which  the  ore  was  contaminated  at  the  period  of  the 
first  roastmg. 

The  charge  of  each  furnace  weighs,  as  in  the  former  case,  three 
tons,  and  requires  thirty-six  hours*  exposure  to  the  oxidising 
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influences  of  the  heated  gases,  before  its  calcination  has  become 
sufficiently  advanced.  During  this  time  the  matter  on  the  floor 
of  the  furnace  is  frequently  turned  with  an  iron  rake,  and  at  the 
termination  of  the  process  it  is  drawn  through  an  opening,  and 
fiiUs  into  a  chamber,  hj  the  arched  roof  of  which  the  hearth  of  the 
arrangement  is  supported. 

lY. — ^The  roasted  coarse  metal  is  melted  with  a  due  admixture 
of  minerals  belonging  to  the  fourth  class :  Le.  with  such  as  contain 
but  a  small  proportion  of  iron  p^tes,  and  are  rich  in  oxide  and 
carbonate  of  copper.  To  this  is  added  some  rich  ccmper  slaff, 
obtained  from  the  j^rocess  of  refining  to  be  hereafter  describea, 
and  a  small  proportion  of  the  scales  which  fldl  from  the  rollers  by 
which  the  metal  is  reduced  to  the  state  of  sheet  copper.  The  fur- 
nace in  which  this  fusion  is  carried  on  nearly  resembles  that  in 
which  the  calcined  ore  of  the  first  operation  is  melted,  but  is  with- 
out the  internal  basin  there  described.  The  method  of  regulating 
the  fire  is  also  precisely  similar,  but  in  this  case  it  is  sought  to 
produce  a  higher  degree  of  heat,  and  the  operation  occupies  a 
longer  time  by  an  hour  than  the  fusion  for  coarse  metal  already 
described.  For  this  fusion  the  charge  should  be  so  arranged  that 
the  whole  of  the  sulphuret  of  iron  present  may  become  oxidised  at 
the  expense  of  the  metallic  oxide,  and  in  the  form  of  a  silicate  pass 
directly  into  the  slags ;  whilst  on  the  other  hand  the  copper  com- 
bines with  the  sulphur  to  form  a  fusible  sulphuret.  These 
reactions  principally  take  place  after  the  matters  constituting  the 
charge  hare  entered  into  a  state  of  complete  frision,  and  appear  to 
be  annost  entirely  limited  to  the  mutual  reaction  of  the  sulphuret 
of  iron  and  oxide  of  copper,  as  a  very  small  quantity  only  of  sul- 
phuric acid  is  generated  and  evolved.  Towards  the  close  of  the 
operation,  the  workman  stirs  the  charge  briskly  with  an  iron 
paddle,  and  afterwards  urges  the  fire  during  a  short  time,  in  order 
to  insure  a  proper  separ^on  of  the  friaible  matt  from  the  sW 
with  which  it  is  associated.  The  tapping  hole  is  now  unstopped, 
and  the  liquid  matt,  or  white  metal,  flows  into  sand  moulds,  where 
it  assumes  the  form  of  rectangular  cskes.  These  operations  occupy 
from  five  to  six  hours,  and  the  scori»  which  follow  the  sulphurets, 
in  flowing  from  the  frimace,  are  divided  by  a  careful  hand-picking 
into  two  classes.  Those  which  are  rich  in  metal  are  selected  for 
a  separate  treatment,  by  which  copper  of  a  superior  quality  is 
obtained,  whilst  those  of  a  poorer  description  are  reserved  to  be 
mixed  with  the  roasted  coarse  matt  in  the  next  fusion. 

The  sulphuret  thus  obtained,  to  which  the  name  of  white  metal 
is  given,  contains  about  70  per  cent,  of  metallic  copper,  and  is 
very  nearly  represented  by  tne  formula  CuS,  although  in  almost 
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eyerj  instance  it  still  retains  variable  small  quantities  of  sulphniet 
of  iron. 

Y. — ^The  manipulations  employed  to  effect  the  Yth  operation,  are 
in  general  extremely  analogous  to  those  already  described,  and  in 
many  points  of  view  th^  may  be  regarded  as  almost  identical 
with  those  of  the  fusion  lY.  A  similar  observation  may  be  made 
with  regard  to  the  three  succeeding  operations.  The  Vlth  melt- 
ing in  all  its  principal  details  resembles  the  operations  lY.  and  Y. 
whilst  the  Yllth  and  Ylllth  operations  are  in  reality  but  modi- 
fications of  the  IXth  stage  of  this  complicated  process. 

The  fusion  Y.,  and  the  roasting  YII*  and  YIII.,  which  are  com- 
plementary to  each  other,  are  made  with  a  view  to  the  prei>aration 
of  a  matt  of  richer  quality,  and,  above  all,  containing  less  impuri- 
ties than  the  ordinary  white  mettJ  of  the  operation  lY.  This 
object  is  effected  by  producing,  by  successive  operations, 
various  reactions  of  a  more  varied  and  efficacious  nature  than 
those  which,  under  ordinary  circumstances,  are  accomplished  by  a 
simple  fusion.  For  this  reason,  these  three  operations  are, 
in  tne  Welsh  smelting  establishments,  grouped  under  the  name  of 
the  extra  process,  in  contradistinction  to  the  ordinary  process,  of 
which  I Y.  forms  one  of  the  connecting  links. 

These  two  divisions  of  the  routine  employed  for  the  treatment 
of  copper  ores  in  the  Welsh  smelting  works,  are,  however,  inti- 
mately connected  with  each  other  in  three  distinct  points  of  view. 
In  the  first  place  the  raw  material  used  is  the  same  in  each  case, 
viz.  the  roasted  coarse  metal ;  their  final  products  are  moreover  all 
subjected  to  the  IXth  operation ;  and  lastly,  one  of  the  accessoij 
products  of  the  fusion  iV. — i,e,  the  richest  slags  produced  in  this 
stage  of  the  manipulation — when  subjected  to  tne  YIth  fusion, 
give  rise  to  the  formation  of  matts,  which  are  subsequently 
treated  in  the  operations  YII.  and  YIII.  in  the  same  way  as  the 
blue  metal  of  the  Yth  process.  These  two  series  of  manipulations 
are  consequently  directly  connected  by  the  fusion  YI.,  and  for  this 
reason  it  has  been  thought  proper  to  introduce  the  description  of 
the  extra  process  in  the  order  which  it  occupies  in  the  tabular 
synopsis. 

In  another  point  of  view  a  considerable  difference  exists  between 
these  two  branches  of  the  Welsh  method,  as  the  products  of  the 
extra  process  derive  their  superior  quality,  not  only  from  the 
greater  care  employed  in  their  treatment,  but  also  in  a  certain 
degree  from  the  more  careful  choice  of  the  ores.  The  roasted  coarse 
metal  used  for  the  fusion  No.  Y.  is  consequently  sometimes  pre- 
pared from  carefully  selected  ores,  or,  when  this  is  not  the  caae, 
addition  is  made  of  a  certain  portion  of  roasted  pyrites  of  the 
purest  description  belonging  to  Class  2. 
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The  furnace  in  which  this  first  operation  of  the  extra  process 
is  conducted,  exactly  resembles  that  used  for  the  IVth  fusion, 
and  the  combustible  with  which  it  is  supplied  is  also  the  same. 
Twenty-two  charges  of  2  tons  each  are  usually  passed  through 
the  furnace  during  each  week. 

The  characteristic  reactions  of  this  fusion  are  analogous  to 
those  of  the  preceding  operation.  The  first  application  of  heat 
determines  the  liquefaction  of  the  sulphurets,  ana  a  partial  reaction 
between  them  and  the  oxides  also  present  in  the  mixture  con- 
stituting the  charge.  The  oxide  of  copper,  in  particular,  reacts  by 
means  of  its  oxygen  on  the  sulphur  and  iron  of  the  mixed  sul- 
phurets,  giving  nse  to  the  formation  of  sulphurous  acid,  which  is 
evolved  in  the  gaseous  state,  and  protoxide  of  iron,  which  combines 
with  silica  to  form  a  fusible  slag :  the  copper  which  is  thus  set 
free  combines  with  the  undecomposed  matt,  which  is  enriched  by 
the  double  channel  of  the  accession  of  a  fresh  amount  of  metal, 
and  also  by  the  elimination  of  a  certain  proportion  of  the  sul- 
phuret  of  iron  with  which  it  was  associated.  During  the  time 
that  these  reactions  are  proceeding,  a  silicate,  to  a  greater  or  less 
extent  charged  with  oxide  of  copper,  begins  in  its  turn  to  enter 
into  fusion,  and  at  this  period  commences  a  kind  of  slow  refining, 
during  which  the  oxide  of  copper  of  the  silicate,  and  the  sulphuret 
of  iron  of  the  matt,  produce  oy  their  mutual  reaction,  and  without 
any  evolution  of  sulphurous  acid  gas,  a  certain  amount  of  sul- 
phuret of  copper,  by  which  the  matt  is  enriched,  while  oxide  of 
iron,  which  passes  directly  into  the  slags,  is  separated. 

VI. — The  ^mace  employed  for  this  operation  is,  in  the  interior, 
formed  precisely  in  the  same  way  as  the  furnaces  used  for  the 
other  fusions  already  described;  but  from  the  mechanical  difference 
which  exists  between  the  substances  treated,  it  becomes  neces- 
sary that  some  slight  yariations  should  be  made  in  its  external 
arrangement.  The  scorisB  which  are  introduced  in  the  form  of 
large  fragments,  could  not  be  conyeniently  charged  by  the  iron 
hoppers  hitherto  employed  for  that  purpose,  and  these  are  con- 
sequently suppressed  in  the  furnace  devoted  to  the  YIth  opera- 
tion. On  the^  other  hand,  it  would  be  extremely  difficult  to 
spread  them  equally  over  the  whole  surface  of  the  hearth,  by 
charging  through  the  door  situated  at  the  furthest  extremity  of 
the  furnace,  and  therefore  an  opening  is  so  placed  in  one  of  the 
sides,  as  to  facilitate  this  operation.  The  lateral  door  is  onl^ 
opened  during  the  time  the  charge  is  being  introduced,  and  is 
hermetically  sealed  with  a  luting  of  fire-clay  during  the  whole 
period  of  working  it  off.  The  embrasure  in  which  the  tapping 
hole  is  situated  is  invariably  on  the  opposite  side  of  the  furnace, 
at  the  other  extremity  of  the  smaller  axis  of  the  hearth. 
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Each  charge  consists  of  two  tons  of  different  products  contain- 
ing copper,  of  which  the  greater  portion  consists  of  slags  from,  the 
operations  lY.  YII.  and  V  III.  to  which  are  added  variouB  routll 
quantities  of  sweepings  from  the  smelting-house  floors,  and 
siliceous  ores  in  which  the  metal  occurs  in  the  form  of  copper 
pyrites.  The  working  of  each  charge  occupies  5^  hours,  and  the 
fuel  employed  is  a  mixture  of  anthr»site  ana  common  coal,  in  the 
proportion  of  three  parts  of  the  former  to  one  part  of  the  latter. 
The  object  of  this  operation  is  the  production  of  a  richer  matt 
than  that  obtained  m>m  the  preceding  fusion,  and  this  is  effected 
by  the  mutual  reaction  of  the  oxide  of  copper,  of  the  sla^s,  and  a 
matt,  of  which  the  elements  are  derivea  either  from  the  small 
metallic  globules  mechanically  mixed  with  the  scoria,  or  from  the 
¥ery  pure  sulphurets  of  iron  and  copper  furnished  by  certain 
chosen  varieties  of  minerals. 

This  reaction,  the  nature  of  which  has  been  already  explained, 
would  of  itself  merely  produce  a  rich  matt,  but  the  smelters  have 
discovered  by  experience  that  its  quality  is  materially  improved  hj 
the  precipitation  at  the  same  time  of  a  certain  quantity  of  metallic 
copper,  and  for  this  reason  they  throw  into  the  fnrnace  a  little 
finely  divided  pit  coal,  by  the  action  of  which  on  the  oxide  of 
copper  present,  a  small  amount  of  metallic  copper  is  produced. 
The  copper  thus  revived  traverses  both  the  slag  and  the  matt,  on 
which  it  floats,  and  collects  beneath  the  latter  in  two  distinct 
layers.  The  lower  of  tiiese  consists  of  impure  black  copper,  called 
by  the  workmen  bottoms,  whilst  the  other  is  composed  of  an  impure 
white  alloy,  chiefly  composed  of  copper  and  tin,  and  known  by  the 
name  of  nard  metal. 

The  mineral  added  to  the  charge  is  commonly  copper  pyritee, 
free  from  all  substances  liable  to  injure  the  properties  of  the 
copper  produced,  and  which,  from  the  large  quantity  of  quarts 
which  it  contains,  would  be  too  poor  to  be  introduced  after  roast- 
ing, into  the  fusion  No.  V. 

VII. — The  jobject  of  this  operation  is  to  convert  the  blue  metal 
into  white  metal  analogous  to  that  produced  by  the  fusion  IV .,  and 
to  expel,  in  a  more  effectual  manner  than  is  usually  done  in  that 
stage  of  the  process,  the  different  substances  injurious  to  the 
qumity  of  the  copper.  This  ia  effected  by  two  successive  reactions, 
viz.  First  an  extremelycareful  fuBioii,conducted  at  a  low  temperature, 
during  which,  by  the  direct  action  of  the  air,  nearlv  the  whole  of 
the  deleterious  matters  and  a  large  portion  of  the  copper  are 
oxidised ;  and  secondly,  a  fusion  conducted  at  a  ver^  high  tem- 
perature, during  which,  after  having  scorified  the  oxides  formed 
by  means  of  the  silica  present,  the  matt  not  decomposed  bv  the 
first  stage  of  the  operation  is  refined  by  making  the  oxide  of 
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copper  contained  in  the  slags  react  on  the  sulphuret  of  iron  pre- 
aent  in  the  matt.  Blue  metal  is  the  only  source  of  copper  em- 
ployed in  this  operation,  but  it  is  important  to  be  remarked  that 
its  surface  is  thickly  coated  with  siliceous  sand,  furnished  by  the 
moulds  in  which  it  nas  been  cast,  and  which  plays  a  very  important 
part  in  the  metaUurgic  changes  which  take  place  during  its  sub- 
seouent  treatment. 

No  reagents  are  employed  except  the  siliceous  matters  of  the 
furnace,  and  the  oxygen  furnished  by  the  admission  of  atmospheric 
air.  The  air  introduced  during  the  first  division  of  the  process, 
determines  the  production  of  the  metallic  oxides,  and  the  bricks, 
sand,  and  da^,  of  the  apparatus  give  rise,  by  their  combination 
with  these  oxides,  to  the  formation  of  the  siliceous  slags  so  india- 
pensable  to  the  subsequent  improvement  of  the  matt. 

The  furnace  in  which  these  reactions  take  place  closely  resem- 
bles that  employed  for  the  fusion  of  slags  in  the  Ylth  operation ; 
it  is  provided  with  a  lateral  door,  which,  together  with  that  at  the 
end  of  the  hearth  furthest  removed  from  the  grate,  serves  for  the 
introduction  of  the  charge.  The  tap-hole  is  situated  at  the  other 
side  of  the  furnace,  exactly  opposite  the  lateral  door,  and  the  only 
particular  in  which  it  differs  from  the  preceding,  is  that  it  has  an 
opening,  or  air-hole,  situated  on  one  siaeof  the  fire-bridge,  similar 
to  that  of  the  ordinary  roasting  furnace,  and  which  in  this  case 
serves  to  introduce,  during  the  first  period  of  the  operation,  a  large 
quantity  of  air  over  the  surface  of  the  matters  spread  on  the 
hearth. 

The  charffe  of  a  furnace  of  this  kind  is  two  tons  of  blue  metal, 
which  usudly  remains  in  the  furnace  rather  less  than  twelve 
hours.  It  is  essential  to  the  success  of  this  operation  that  the 
sulphuret  should  be  added  in  rather  large  fragments,  and  since  the 
blue  metal  is  rather  fr«^e,  precautions  must  be  taken  to  prevent 
its  division  into  small  pieces  during  the  process  of  charging. 

YUI. — The  eighth  operation,  which  is  the  last  of  the  series  con- 
stituting the  extra  process,  comprises  the  two  methods  of  purifica- 
tion emj^loyed  in  the  stages  YL  and  YII.  The  furnace  is  m  every 
way  similar  to  that  used  for  the  Yllth  roasting,  and  the  working 
of  the  charge  may  be  divided  into  two  distinct  periods.  During 
the  first,  the  true  roasting  or  slow  fusion  of  the  white  metal  under 
the  oxidising  influence  of  atmospheric  air  is  effected :  and  in  the 
second  stage  the  refining  of  the  matt  is  completed  by  the  reaction 
of  a  stratum  of  copper  slag.  The  substances  charged  into  this 
furnace  consist  of  the  white  metal  of  the  Yllth  roasting,  together 
with  the  red  and  white  matt  obtained  from  the  Ylth.  ^ion ;  but 
the9e  twoproducts  are  always  separately  treated,  because  the  copper 
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obtained  from  them  differs  materiallj  in  qnality.  The  rea^nts  by 
which  these  metallurgic  transformations  are  produced,  are  the 
oxygen  of  the  air,  and  the  sand  bricks  and  other  siliceous  matters 
of  which  the  furnace  is  constructed.  The  duration  of  each  opera- 
tion is  3i  hours,  and  the  ordinary  weight  of  the  charge  introduced 
1^  tons. 

The  products  obtained  from  this  process  consist  of  a  rich  copper 
slag,  a  matt  containing  a  large  per-centage  of  copper,  called  regu- 
lus,  and  an  impure  kind  of  metallic  copper,  called  bottoms. 

IX. — The  foregoing  series  of  operations,  although  extremely 
complicated  in  their  details,  yield,  with  the  exception  of  the  inter- 
mediate products,  but  a  veiy  limited  nnmber  of  definite  metallurgic 
compounds — ^viz.,  ordinary  white  metal  obtained  by  the  IVth 
fusion ;  the  reguline  matters  obtained  from  the  extra  process  V., 
or  the  remelting  of  slags  VI.,  which  are  purified  by  the  roastings 
VII.  and  VIII. ;  and  finally,  the  copper  bottoms  produced  either 
during  the  same  operation,  or  in  the  fusion  of  the  slags  VI. 

All  these  different  products  are  united  in  the  IXth  operation, 
the  aim  of  which  is  to  expel  by  roasting,  in  the  form  of  sulphurous 
acid,  the  sulphur  which  has  heretofore  been  preserved  as  a  means 
of  concentrating  the  copper.  At  the  same  time,  all  impurities, 
such  as  iron,  cobalt,  nickel,  arsenic,  antimony,  and  tin,  are  sought 
to  be  eliminated  either  by  the  direct  action  of  atmospheric  air 
alone,  or  by  the  combined  agen<^  of  the  oxygen  of  the  air  and  the 
siliceous  matters  present  in  the  furnace.  These  objects  ard 
attained  through  the  medium  of  two  successive  metallurgic 
reactions  which  are  separately  conducted  in  the  same  furnace. 

The  first  of  these  operations,  or  the  roasting  of  the  matt,  is 
produced  by  the  direct  action  of  atmospheric  air  on  the  sub- 
stance, maintained  for  a  considerable  time  near  the  point  of  its 
fusion,  by  which  means  the  charge  is  finally  made  to  tall  drop  by 
drop  on  the  bottom  of  the  furnace.  During  the  second  period, 
the  oxide  of  copper,  which  is  produced  in  Large  quantity,  reacts 
on  the  sulphurets  which  have  not  become  decomposed  during  the 
process  of  roasting,  which  are  thereby  not  only  purified,  but  at  the 
same  time  much  enriched.  The  two  products  resulting  from  this 
operation  are  crude  copper,  and  scorisB  extremely  rich  in  that  met^, 
and  these  are  reserved  to  be  added  to  the  roasted  coarse  metal  in  a 
subsequent  fusion  for  white  matt.  This  operation  is  carried  on 
in  a  reverberatory  furnace  similar  to  those  provided  with  a  lateral 
door  before  described,  and  through  this  the  charges  of  matt  are 
introduced.  The  matts,  which  have  been  run  into  cakes  of  consider 
rable  dimensions,  are  piled  on  the  floor  of  the  furnace,  and  addition 
is  sometimes  made  of  some  rich  oxidised  minerals  belonging  to  the 
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fifth  class.  The  weight  of  the  charge  yaries  from  three  to  three 
and  a  half  tons ;  and,  at  the  expiration  of  about  half  an  hour 
afiber  its  introduction,  the  matt  begins  to  melt,  and  falls  slowly 
on  the  bottom  of  the  hearth.  At  the  expiration  of  about  four 
hours  the  fusion  is  completed,  and  the  matters  collected  on  the 
hearth  begin  to  boil,  from  the  rapid  evolution  of  sidphurous  acid 
produced  by  the  reaction  of  the  oxide  of  copper  on  the  sulphurets 
of  which  the  matts  principally  consist.  In  order  that  this  phe- 
nomenon may  be  prolonged  during  a  considerable  time,  the  tempe- 
rature is  at  this  stage  allowed  to  fall  very  considerably,  and,  at  the 
expiration  of  about  twelve  hours,  the  evolution  of  sulphurous 
acid  will,  from  the  low  temperature  of  the  furnace,  have  entirely 
ceased.  The  fire  is  now  again  increased,  and  the  charge  brought 
to  the  liquid  state,  by  which  means  the  action  is  completed  by  the 
further  evolution  of  sulphurous  acid,  and,  at  the  expiration  of 
eighteen  hours  from  first  charging,  the  copper  retains  out  a  very 
minute  proportion  of  combined  sulphur.  The  smelter  now  in- 
creases to  tne  utmost  the  heat  of  his  furnace,  so  as  to  produce 
the  complete  separation  of  the  different  matters  which  it  contains ; 
and,  at  the  expiration  of  twenty-four  hours,  after  having  first 
skimmed  the  surface  with  a  rake,  he  taps  the  liquid  metal  into 
rectangular  moulds  formed  in  the  fioor  of  the  budding  in  which 
the  iuinaces  are  situated. 

This  coarse  copper,  when  it  has  cooled,  is  covered  on  the 
surface  with  numerous  small  blisters,  and  the  slags  resulting  from 
the  operation  frequently  contain  as  much  as  twenty  per  cent,  of 
copper. 

A. — The  coarse  copper  obtained  from  the  above  method  of 
treatment  is  now  subjected  to  a  process  of  toughening  and 
refining.  The  frimace  in  which  this  is  conducted  difiers  but  little 
ttom  the  other  fusing  furnaces  of  the  Welsh  method,  except  that 
the  fire-place  is  made  deeper,  to  afford  the  facility  of  accumulating 
a  larger  mass  of  combustible;  and  the  arch  over  the  sole  is 
higher,  to  give  the  necessaiy  space  for  the  large  charges  of  coarse 
metal  with  which  it  is  supplied.  The  coarse  copper  is  charged  on 
the  sole  of  the  furnace  to  the  amount  of  from  seven  to  ten  tons, 
and  without  any  admixture  of  other  matter ;  as  the  only  reagents 
employed  are  the  oxygen  of  the  air  and  the  siliceous  matter  fur- 
nished by  the  sand  adhering  to  the  pigs  of  crude  copper,  and  that 
obtained  from  the  bricks,  ^.,  of  which  the  furnace  itself  is  com-* 
posed. 

The  cakes  of  copper  to  be  refined  are  piled  in  the  form  of  a 
hollow  heap,  which  extends  to  the  upper  arch  of  the  furnace,  and 
care  is  taken  to  so  arrange  the  different  ingots  as  to  allow  a  suffi- 
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cient  space  for  the  free  circulation  of  air  between  them.  The 
working  of  a  charge  extends  over  twenty-four  hours,  including 
the  time  necessary  for  the  introduction  of  the  copper.  During 
the  first  eighteen  hours  but  little  attention  is  requured,  except  for 
keeping  the  grate  supplied  with  a  proper  quantity  of  fuel.  The 
copper  is  in  this  way  gradually  liquified,  and  at  the  same  time 
partially  oxidised.  The  oxide  of  copper  formed  reacts  either 
unmediafcely,  or  after  its  combination  witn  silica,  on  the  substances 
present,  more  readUy  oxidisible  than  itself;  and  by  this  action  a 
slag  is  formed  which,  besides  containing  a  large  portion  of  oxide 
of  copper,  carries  off  in  combination  the  oxides  of  the  different 
associated  metals. 

When  the  furnace  has  been  in  action  during  twenty-two  hours, 
the  copper  is  entirely  freed  both  from  the  sulphiir  and  the 
other  metals  which  it  originally  contaLaed,  and  the  workman 
clears  the  bath  by  raking  off  the  scori»  accumulated  on  its 
surface.  The  copper  in  this  state  contains  a  certain  portion  of 
oxygen  in  chemic^J  combination,  in  order  to  eliminate  which  the 
metallic  bath  is  subjected  to  the  following  treatment,  by  which  its 
reduction  is  completely  effected.  When  the  chaise,  with  the 
exception  of  the  small  proportion  of  combined  oxide,  is  in  a  state 
of  sufficient  purity,  two  or  three  shovel-fulls  of  finely-powdered 
coal  or  charooal  are  thrown  on  the  hearth,  and  rapidly  spread 
over  the  surface  of  the  liquid  metal.  This  slight  covering  of  carbon 
tends  to  the  reduction  of  the  oxide  of  copper  formed  on  the  sur^ 
face  of  the  metal ;  and  after  a  short  interval,  during  which  the 
charcoal  is  allowed  to  act  alone,  a  long  pole  of  green  wood  (gene- 
rally birch)  is  plunged  into  the  fused  copper.  Under  the  influence 
of  the  elevated  temperature  to  which  the  wood  is  thus  suddenly 
exposed,  large  quantities  of  highly  reducing  gases  are  by  its 
decomposition  evolved  with  strong  ebullition  of  the  metal,  by 
which  the  reduction  of  the  oxide  is  determined  with  much 
greater  rapidiir  than  by  the  action  of  the  powdered  charcoal 
alone,  but  which  still  not  only  assists  in  the  removal  of  the  oxygen, 
but  also  prevents  the  absorption  of  a  further  amount  when  the 
surface  of  the  liquid  metal  is  in  a  state  of  rest  after  the  removal  of 
the  pole.  When  the  bath  has  by  this  means  been  kept  in  a 
boiling  state  during  about  twenlr  minutes,  the  refiner  takes  from 
the  furnace  a  sample  of  the  metal  by  inserting  in  the  bath  the  end 
of  an  iron  bar,  around  which  a  small  lump  of  copper  is  speedily 
formed.  This  thimble-shaped  sample  is,  whilst  still  hot,  readily 
removed  from  the  end  of  the  bar  by  a  steel  chisel,  and  its  purily 
and  freedom  from  oxide  are  then  judged  of  by  te&rting  its  mallea- 
bility by  hammering  on  an  anvil,  and  its  tenacity  by  repeatedly 
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bending  it  backwards  and  forwards  when  firmly  held  in  the  jaws  of 
a  large  vice. 

As  soon  as,  from  these  trials  and  the  colour  of  the  metal,  this 
process  is  thought  to  be  sufficiently  advanced,  the  charcoal  and 
a  small  quantity  of  slag  is  rapidly  removed  from  the  surface  of  the 
bath  by  a  rake,  and  the  metal  transported  into  proper  moulds  by 
large  iron  ladles,  which  are  sometimes  internally  Imed  with  clay. 
When  the  copper  is  found  to  be  in  a  proper  state  for  removal  from 
the  furnace,  it  is  necessary  that  the  operation  should  be  com- 
menced with  the  slightest  possible  delay,  as  it  would  otherwise  be 
liable  to  again  become  brittle,  either  by  absorbing  oxvgen  from 
the  air,  or  chemicallv  combining  with  a  portion  of  the  carbon 
furnished  by  the  wood  and  charcoal  employed. 

When  copper  is  difficult  to  refine,  a  few  pounds  of  lead  are 
added  to  it  immediately  after  removing  the  door  to  skim  the 
sur&ce.  This  metal,  from  the  facility  with  which  it  oxidises,  acts 
as  a  purifier,  and  assists  the  scorification  of  the  iron  and  other 
impurities  which  may  be  present. 


VAPIEB'S  COPFBB  PBOCESS. 

In  all  the  various  processes  employed  for  the  separation  of 
copper  from  its  ores,  it  is  of  the  greatest  importance  to  separate, 
at  tne  earliest  possible  stage  of  ^eir  treatment,  the  lar^e  quanti- 
ties of  earthy  and  siliceous  matters  with  which  they  are  invariably 
associated. 

To  do  this  the  mineral  is  commonly  roasted  in  a  reverberatory 
furoace,  either  until  a  sufficient  amount  of  oxide  of  iron  has  been 
liberated  to  form  a  fusible  slag,  by  combining  with  the  non-metallic 
impurities  present  in  the  ore ;  or,  as  this  would  frequently  neces- 
sitate a  very  prolonged  calcination,  such  a  mixture  of  ores  is 
operated  on  as  may  afford  fusible  and  tolerably  liquid  scoria  when 
strongly  heated,  alter  a  less  complete  roasting  than  that  requisite 
in  the  other  cases.  In  this  way  ores  rich  in  the  earths  and  oxide 
of  iron  are  commonly  added  to  those  in  which  siliceous  matters 
predominate,  and  vice  vertd  ;  and  thus,  by  a  judicious  mixture  of 
this  kind,  fluid  slags  are  produced  at  a  much  less  expenditure, 
both  of  time  and  money,  than  would  be  required  for  their  separate 
treatment. 

The  ordinary  routine  followed  in  the  Welsh  copper  works, 
although  more  or  less  modified  in  the  different  establ&hments,  is 
in  all  cases  a  tedious  and  very  expensive  operation ;  and  the  object 
of  Mr.  Killer's  patent  process  is,  therefore,  to  obtain  equally 
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good  results  in  much  less  time,  and  at  a  smaller  expenditure  of 
tuel.  The  ordinary  method,  as  we  have  already  seen,  includes  ten 
distinct  operations,  whilst  the  improved  process  reduces  their 
number  to  one-half. 

A  mixture  of  Cornish  ores,  made  according  to  the  principle 
before  laid  down,  is  first  calcined,  and  subsequently  mixed,  after 
its  removal  firom  the  furnace,  with  a  proper  proportion  of  partially 
calcined  rich  sulphurets,  such  as  those  from  Cuba,  called  Cuba 
and  Cobre  ores  ;  care  being  taken  that  the  quantities  of  each  be 
so  arranged  as  to  afford  a  fusible  slag  by  the  fusion  and  combina- 
nation  of  their  different  gangues. 

It  is  also  necessary  that  this  mixing  be  made  in  such  proportion 
that,  besides  producing  a  clean  slag,  it  may  afford  a  reguline  matt 
containing  above  thirty  and  less  than  fifty  per  cent,  of  metal. 
The  fusion  of  this  mixture  is  conducted  in  an  ordinary  reducing 
furnace  similar  to  that  employed  in  the  second  operation  of  the 
old  process ;  and  after  the  removal  of  the  slags  from  the  surface 
of  the  bath,  a  small  quantity  either  of  soda-ash  or  salt  cake  is 
thrown  on  the  fused  sulphurets.  When  salt  cake  is  employed, 
which,  of  the  two,  is  the  better  adapted  for  this  purpose,  1  cwt.  to 
li  cwt.,  together  with  20  or  30  lbs.  of  fine  coal,  are  added  to 
every  ton  weight  of  regulus  operated  on.  When  these  substances 
have  been  thrown  into  the  furnace,  they  are  thoroughly  mixed 
and  stirred  together  by  a  continued  rabbling  with  an  iron  paddle ; 
and,  after  having  been  allowed  to  remain  a  sufficient  time  to  admit 
of  the  reduction  of  the  sulphate  of  soda  by  the  action  of  the 
charcoal,  which  is  usually  completed  in  the  course  of  a  few 
minutes,  the  regulus  is  tapped  into  sand-beds,  where  it  receives 
the  form  of  rectangular  prisms.  These  are  allowed  to  remain  in  the 
moulds  until  they  become  set ;  but  as  soon  as  they  have  acquired 
sufficient  solidity  to  bear  removal,  they  are  thrown  into  a  tank  of 
water,  in  which  they  crumble  almost  immediately  into  a  fine  sandy- 
powder.  This  is  now  thoroughly  washed  with  water,  and,  after 
being  allowed  to  dry,  is  calcined  until  the  whole  of  the  sulphur  is 
expelled,  which,  from  the  fine  state  of  division  of  the  powder,  is 
accomplished  in  from  twenty-four  to  thirty  hours.  The  powder, 
which  is  now  thoroughly  calcined,  or,  as  it  is  technically  called, 
roasted  dead,  is  mixed  with  a  proper  quantity  of  malachite,  or  any 
other  ore  of  copper  free  frt)m  sulphur,  but  containing  a  large 
excess  of  silica ;  and,  after  having  aaded  the  requisite  proportion 
of  carbonaceous  matter,  it  is  charged  into  a  properly  arranged 
melting  furnace,  and  again  fused.  This  operation  occupies  from 
six  to  eight  hours,  and,  if  carefully  conducted,  yields  metallic 
copper,  and  a  clean  slag  containing  very  little  metal,  either  in  the 
form  of  enclosed  shot  or  combined  oxide. 
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Besides  possessing  tbe  advantage  of  being  more  expeditious  and 
less  expensive  than  the  ordinary  method  of  treatment,  this  process 
yields  from  any  given  sample  of  ore  a  purer  description  of  copper 
than  can  be  obtained  by  the  old  method,  as  the  sulphuret  of 
sodium  produced  by  the  decomposition  of  the  salt  cake,  and  sub- 
sequently dissolved  by  the  water  into  which  the  hot  pigs  are 
thrown,  carries  off  with  it  in  solution  such  impurities  as  tin  and 
antimony,  which  are  readily  soluble  in  that  menstruum.  The 
copper  obtained  from  this  fourth  operation  is  in  the  same  condi- 
tion, although  generally  more  free  from  impurities,  as  that  result- 
ing from  the  ninth  operation  of  the  ordinary  process,  and  under- 
goes a  similar  reduction  of  the  combined  oxide,  which,  in  the 
present  instance,  makes  the  fifth  process  to  which  the  ore  has 
been  subjected. 

When  the  slags  produced  during  the  second  and  fourth  operations 
are  not  sufficiently  fluid,  it  has  been  sometimes  found  advantageous 
to  add  to  each  charge  about  twenty  pounds  of  slaked  lime  and  a 
few  pounds  of  salt,  which,  affording  bases  for  a  certain  amount  of 
silica,  give  rise  to  the  formation  of  poly  silicates,  which  are  much 
more  readily  ^sed  than  those  compounds  in  which  the  silicic  acid 
is  combined  with  but  a  single  base. 

When  the  ores  to  be  treated  are  either  carbonates  or  oxides, 
containing  but  a  small  per-centage  of  lime,  or  any  other  base,  and 
a  large  excess  of  silica,  it  is  found  advantageous,  in  addition  to 
the  ordinary  sulphurets  necessary  for  the  production  of  a  matt, 
to  fuse  them  wit^  a  small  admixture  of  the  black  magnetic  iron 
scale  obtained  from  the  rolling  mill  and  forge  hammer.  Erom 
2i  cwts.  to  3^  cwts.  of  this  flux  to  each  charge  will  be  found 
sufficient  to  effect  the  fusion  of  the  most  refractory  kinds  of  ore ; 
and  although,  from  its  greater  cheapness,  lime  is  the  most  common 
flux  employed,  it  yields  £ar  less  fusible  slags  than  those  resulting 
from  the  iron  scale. 

Instead  of  using  iron  scale,  rich  iron  slags  and  native  carbonates 
of  iron  may  be  employed ;  but  hematite,  and  the  other  ores  con- 
taining peroxide  of  iron,  are  objectionable,  from  the  oxidising 
action  which  they  exert  on  the  copper,  and  which  is  not  remedied 
by  the  addition  of  a  large  excess  of  coal. 

In  this,  as  in  the  ordinary  process,  however,  the  addition  of 
direct  fluxes  is  to  be  as  much  as  possible  avoided ;  and  when  the 
experienced  smelter  has  the  choice  of  a  good  selection  of  ores, 
fluxes  will  veiy  seldom  be  required. 

KETHOn  OF  BITOT  AKD  PHILLIPS. 

This  method,  which  was  patented  in  Prance  in  1846  by  M. 
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Bivot,  Director  of  the  Laboratories  of  the  Ecole  des  Mines, 
and  M.  E.  Phillips,  Ing^nieur  des  Mines  of  the  same  institution, 
is  dependent  for  its  action  on  the  fact,  that  at  elevated  tempera- 
tures iron  has  a  greater  affinity  than  copper  for  oxygen.  Aavan- 
tage  is  taken  of  this  circumstance  in  the  following  way : — 

The  ore,  if  sufficiently  rich — or,  if  not,  a  mixture  of  the  ore 
with  a  portion  of  the  matt  obtained  from  a  fusion  in  the  ordi- 
nary way,  —is  first  reduced  to  the  state  of  fine  powder,  and  then 
roasted  dead,  so  as  to  expel  the  last  traces  of  the  sulphur  which  it 
contained.  When  this  has  been  effi^cted,  iron  bars  are  introduced 
through  apertures  left  in  the  side  of  the  hearth,  and  which 
are  closed  during  the  former  part  of  the  operation.  On  the  intro- 
duction  of  these,  they  become  rapidly  attacked  at  the  expense  of 
the  oxygen  of  the  oxide  of  copper,  which  is  thereby  reduced  to  the 
metallic  state,  whilst  the  oxiae  of  iron  formed  unites  with  the 
siliceous  matters  present,  and  gives  rise  to  a  fusible  slag,  which  is 
extremely  liquid  and  entirely  free  from  any  enclosed  granules  of 
metallic  copper. 

This  process  has  not  yet  been  tried  on  a  very  extensive  scale ; 
but  during  the  progress  of  the  experiments  made  at  Paiis,  in  a 
small  furnace  erected  for  that  purpose,  metallic  copper  of  good 
quality  was  frequently  obtained  in  one  operation.  When,  how- 
ever, arsenic  is  present  in  considerable  quantity  in  the  ores  treated, 
it  is  found  to  atPect  materially  the  quality  of  the  metal  produced, 
and  in  this  respect  the  process  is  inferior  to  that  of  Napier,  in 
which  the  arsenic  is  carried  off  in  solution  with  sulphuret  of 
sodium. 

The  process  of  Eivot  and  Phillips  has  also  the  disadvantage  of 
requiring  the  destruction  of  a  quantity  of  iron  nearly  equivalent  in 
weight  to  the  copper  produced,  which  is,  in  a  practiced  point  of 
view,  a  serious  objection  to  their  method. 


bbaiteabt's  pbocsss. 

A  new  process  of  treating  the  various  sulphurets  has  also  been 
recently  patented  by  Mr.  Brankart,  who  is  carrying  out  his 
inventions  on  an  extensive  scale  at  the  Bed  Jacket  Copper  Works, 
near  the  town  of  Neath.  GThe  minerals  hitherto  operated  en  in 
this  establishment  b&ve  been  Cuban  ores,  furnished  by  the  Cobre 
Mining  Company,  and  are  chiefly  composed  of  copper  pyrites 
oontaininc  from  fourteen  to  twenty-five  per  cent,  of  metal.  Thia 
IB  fiirst  reauced  by  mechanical  means  to  the  state  of  fine  powder, 
and  then  exposed  in  a  proper  furnace  to  a  low  red  heat  for  several 
hours,  with  a  free  access  of  atmospheric  air.    By  this  method  of 
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treatment  a  large  proportion  of  the  sulphur  present  is  driven  off 
in  the  form  of  sulpnurous  acid  gas,  whilst  another  portion  is  con- 
verted into  sulphuric  acid,  which  combines  with  the  oxide  of 
copper  formed  during  the  operation  of  roasting ;  and  the  sulphate 
of  that  metal,  or  blue  vitriol,  is  consequently  produced. 

The  ore  is  next  removed  into  large  vats,  where  it  is  immersed 
in  boiling  water,  which,  by  filtering  through  it,  dissolves  and 
carries  away  in  solution  ail  the  sulphate  of  copper  present,  and 
leaves  the  ore  chiefly  in  the  state  of  oxide  of  copper  and  peroxide 
of  iron,  associated  with  the  siliceous  matrix.  This  residue  is  now 
again  roasted  with  a  due  admixture  of  the  same  mineral  in  the 
raw  state ;  and  the  sulphur  of  the  latter,  which  would  otherwise 
have  gone  off  in  the  state  of  sulphurous  acid  gas,  receives,  through 
the  agency  of  the  peroxide  of  iron  in  the  ore,  an  additional  atom 
of  oxygen,  by  which  it  is  converted  into  sulphuric  acid :  this  again 
acts  on  a  considerable  portion  of  free  oxide  of  copper,  and  uniting 
with  it,  forms  sulphate  of  copper,  to  be  again  extracted  by  solu- 
tion in  boiling  water,  as  before  described. 

These  successive  operations  are  continued  until  abnost  the  whole 
of  the  copper  has  been  extracted,  and  a  residue  has  been  obtained 
consisting  almost  exclusively  of  silica  and  peroxide  of  iron. 

To  obtain  the  metallic  copper  from  these  solutions,  pieces  of 
wrought  or  cast  iron  are  immersed  in  the  liquid,  when,  by  the 
action  of  a  well-known  chemical  affinity,  the  acid  and  oxygen 
desert  the  copper  and  transfer  themselves  to  the  iron  with  the 
formation  of  sulphate  of  iron,  depositing^  at  the  same  time  the 
copper  in  a  pure  crystalline  and  metallic  state,  requiring  merely  a 
simple  fusion  to  convert  it  into  cake  copper  of  almost  chemical 
punty. 

There  can  be  no  doubt  but  that  this  process  is  capable  of  pro- 
ducing copper  of  great  purity.  When,  however,  it  is  remembered, 
that  to  proaucc  one  ton  of  metal'it  is  necessary  to  dissolve  17i  cwts. 
of  metaJlic  iron,  and  that  this  gives  rise  to  the  formation  of  no  less 
than  4  tons  7  cwts.  of  copperas,  it  becomes  evident  that  the  test  of 
experience  will  be  required  before  this  method  can  b6  pronounced 
superior  to  those  already  in  use. 


TBEATMEKT  OF  THE  CO^FBB  SCHISTS  OF  UAMtALD. 

On  the  continent  of  Europe,  the  methods  of  treating  the  ores  of 
copper  are  made  to  differ  both  in  accordance  with  the  composition 
of  the  mineral  operated  on,  and  also  with  regard  to  the  nature  of 
the  fuel  most  abundant  in  the  locality  ;  but  a  description  of  the 
routine  employed  for  the  reduction  of  the  copper  schwts  of  Mans- 
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feld  will  afford  a  sufficient  iUustration  of  the  continental  processes. 
These  schists,  which  ^re  strongly  impregnated  with  bituminous 
matter,  and  contain  numerous  disseminated  crystals  of  iron  pyrites, 
vary  considerably  with  regard  to  their  richness  in  copper/  The 
metallurgic  treatment  is  commenced  by  roasting  the  shale  in  heaps 
interstratified  with  wood,  by  which  the  fire  bemg  first  communi- 
cated, is  afterwards  carried  on  at  the  expense  of  the  inflammable 
bitumen  contained  in  the  mineral  itself. 

To  the  schist,  after  its  calcination,  is  added  from  6  to  20  per 
cent,  of  fluor  spar,  together  with  a  certain  amount  of  slag,  mode- 


149.  160. 

rateljr  rich  in  copper,  obtained  from  a  preceding  operation,  and 
occasionally  a  small  quantity  of  copper  scnist  containing  carbonate 
of  lime.     The  smelting  furnaces  in  which  this  mixture  is  reduced 

*  The  mineral  treated  usually  contains  only  from  1  to  4  per  cent,  of  copper. 
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are  cupolas,  varying  from  14  to  16  feet  in  height,  and  are  supplied 
either  with  ordinary  coke,  or  a  mixture  of  gas-coke  and  charcoal. 
Fig.  149  represents  a  front  elevation  of  this  apparatus,  and  fig.  150 
a  vertical  section  through  the  axis  of  one  of  its  tuyeres  t.  The  parts 
of  this  furnace  in  the  neighbourhood  of  the  tuyeres  is  constructed 
of  a  sort  of  refractory  pudding-stone,  whilst  the  upper  part  of  the 
cone  ▲  is  built  of  fire-bricks.     The  air  is  supplied  through  nozzles 

E laced  either  on  the  same  side  of  the  hearth,  or  on  the  two  opposite 
iteral  fiu^es  of  the  furnace,  and  at  an  equal  height  from  the  bottom 


151. 

of  the  crucible.  At  the  lowest  part  of  the  breast  of  the  hearth  are 
two  apertures,  b,  fig.  151,  which  are  alternately  opened,  in  order 
to  run  out  the  liquid  products. 

These  openings  communicate,  by  means  of  the  channels  c  c\  with 
the  external  basms,  b,  b,'  three  feet  in  diameter,  and  twenty  inches 
in  depth.  The  combustible  and  mineral  are  charged  in  regular 
consecutive  strata,  and  a  slag  nozzle,  of  from  six  to  seven  inches  in 
length,  is  allowed  to  form  beyond  the  extremity  of  the  tuyeres. 
These  cupolas  are  surmounted  by  chimneys  from  thirty-five  to  fifty 
feet  in  height,  by  which  the  smoke  and  vapours  are  carried  high 
into  the  atmosphere.  The  matts  and  slags  flow  constantly  out  of 
the  fiimace,  and  are  received  in  one  of  the  external  basins  prepared 
for  that  purpose.  When  one  of  these  has  become  full,  the  aper- 
ture by  which  it  communicates  with  the  furnace  is  closed,  whilst 
that  connected  with  the  other  is  opened ;  so  that  the  liquid  matters 
flowing  from  the  furnace  are  alternately  conducted  into  each  of 
these  basins.  At  Mansfeld  the  fused  scorisB  are  usually  moulded 
in  the  form  of  large  bricks,  and  are  extensively  employed  in  the 
construction  of  houses  in  the  vicinity  of  the  works.    The  matts 
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are  removed  from  the  basin  in  the  form  of  circular  plates,  which 
are  lifted  off,  when  sufficiently  cool,  from  the  surface  of  the  still 
liquid  Bulphurets  remaining  in  the  bottom  of  the  cavity. 

The  matt  thus  obtained  seldom  amounts  to  more  than  1-lOth  of 
the  weight  of  the  mineral  operated  on,  and  consists  of  a  mixture  of 
the  sidphurets  of  iron  and  C!€^P^»  containing  from  20  to  60  per 
cent,  of  the  latter  metal.  W  hen  it  contains  from  20  to  30  per 
cent,  of  copper,  it  is  subjected  to  three  successive  roastings  on 
layers  of  wood,  and  afterwards  again  passed  through  the  furnace 
with  the  addition  of  a  proper  proportion  of  the  slag  obtained  during 
the  fusion  of  ordinary  roasted  ore.  The  scorise  chosen  for  this 
purpose  are  those  which  immediately  cover  the  matt  in  the  external 
receiving  basins,  and  which  are  consequently  richer  in  copper  than 
the  other  slags.  In  this  way  a  second  matt  is  obtained,  having 
nearly  the  same  composition  as  that  resulting  from  the  fusion  of 
the  richer  ores. 

These  rich  matts  are  subjected  to  six  successive  roastiogs  on 
layers  of  dry  wood,  which  are  executed  in  small  areas  formed  between 
three  walls.  These  are  commonly  pierced  with  sundry  small  chan- 
nels, opening  at  their  lower  extremity  towards  the  heap,  and  serving 
to  facilitate  the  escape  of  the  smoke  and  gases  given  off  during  the 
operation.  When  the  matts  have  been  placed  in  these  staUs,  the 
fourth  side  is  closed  by  a  dry  stone  wall,  by  which  the  lumps  of 
sulphuret  are  retained  in  their  places  and  prevented  from  becoming 
mixed  with  those  which  are  being  roasted  in  the  other  compart- 
ments of  the  area.  When  the  matt  has  undergone  the  process  of 
calcination  in  the  first  stall,  it  is  transferred  to  the  second,  and  so 
on  in  succession  until  it  has  arrived  in  the  sixth  and  last  division, 
where  the  operation  is  completed.  During  these  successive  roast- 
ings a  consiaerable  quantitp^  of  sulphate  of  copper  is  formed  through 
the  oxidation  of  the  sulphurets  of  which  the  matt  is  compost ; 
and  this,,  after  being  removed  by  lixiviation,  is  obtained  in  a  crys- 
talline form  by  the  evaporation  of  the  liquors.  All  the  matte  aner 
their  calcinatiiDn  are,  between  each  separate  roasting,  exposed  to 
the  action  of  water  in  large  wooden  troughs,  so  arranged  on  the 
side  of  a  hill  as  to  allow  of  the  contents  of  one  being  run  throu^ 
a  proper  spout  immediately  into  another  placed  beneath  it.-  By 
this  methodical  syston  of  washing,  the  liquors  are  at  length 
obtained  in  a  tolerably  oonoentrated  state,  and  consequently  afford- 
crystals  of  sulphate  of  copper  after  a  moderate  degree  of  concen-^ 
tration  in  larg^e  leaden  pans,. heated  fit)m  beneath  by  a  slow  fire. 

The  roasted  matt  is  melted  in  a  cupola  frmiaoe  similar  to  that  in 
which  the  fusion  of  the  mineral  itself  is  effected,  but  of  smaller 
dimensions.  The  charge  consists  of  a  mixture  of  the  calcined  matt 
and  a  due  proportion  of  slags  from  i^e  first  operation,  which  are 
added  with  a  view  to  the  removal  of  the  oxide  of  iion  originally 
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present  in  the  fused  sulpburets.  This  fusion  gives  rise  to  the  for- 
mation of  three  distinct  products — ^viz.,  black  copper,  a  reguline 
matt,  and  slags  of  various  degrees  of  richness.  The  black  copper 
is  removed  from  the  exterior  basin  in  the  form  of  discs,  obtained 
hj  throwing  water  on  the  liquid  metal  and  the  subsequent  removal 
hj  an  iron  bar  of  the  circular  cake  thus  solidified.  The  black 
copper  obtained  contains  about  95  per  cent,  of  copper,  from  8  to 
4  per  cent,  of  iron,  and  1  per  cent,  of  sulphur,  together  with  small 
quantities  of  antimony  ana  silver. 

The  matt  is  extremely  rich  in  copper,  and  is  added  to  the  richest 
of  the  second  matts  obtained  from  a  former  operation. 

It  sometimes  happens  that  these  ores  contain  a  sufficient  amount 
of  silver  to  render  its  extraction  a  matter  of  importance ;  and  in 
this  case  the  separation  may  be  made  either  from  the  last  matt 
afier  it  has  been  roasted,  or  &om  the  black  copper  before  it  has 
been  subjected  to  the  process  of  refining. 

The  silver  is  obtain^  from  the  black  copper  by  a  process  called 
ItquatioHf  and  from  the  roasted  matts  by  an  amalgamation  with 
mercury.  The  efficien<^  of  the  process  of  liquation  depends  on  the 
following  principles : — If  lead  and  copper  be  fused  together,  the 
two  metftb  will  be  found  to  unite  and  form  an  alloy ;  and  if  this 
mixture  be  suddenly  or  rapidly  .cooled  after  beina;  run  out  of 
the  furnace,  they  remain  in  a  state  of  intimate  a£nixture.  If, 
however,  on  the  contrary,  the  aUov  be  slowlv  heated  to  near  its 
point  of  fusion,  or  be  allowed  to  com  very  graaually  after  being  in 
a  liquid  state,  the  two  metals  are  found  to  separate,  and  the  lead 
will  contain  nearly  the  whole  of  the  silver  which  originally  existed 
in  combination  with  the  copper,  whilst  the  latter  metal  retains  in 
combination  only  a  small  portion  of  the  lead  added.  The  silver 
may  now  be  separated  from  the  lead  by  cupeUation,  and  the  copper 
freed  from  the  adhering  lead  by  an  operation  called  refining. 

In  practice,  three  p^s  of  black  copper  and  from  ten  to  twelve 
parts  of  lead,  abeady  containing  a  certain  portion  of  silver — if  sudi 
18  to  be  procured — are  fused  together  in  a  cupola  furnace :  instead 
of  metallic  lead,  litharge  rich  in  silver  is  sometimes  employed.  The 
fused  alloy,  on  flowing  from  the  furnace,  is  received  m  cast  iron 
moulds,  where  it  is  rapidlv  cooled  bv  the  help  of  water,  and  from 
which  it  is  removed  in  the  form  of  large  circular  cakes.  These 
discs  are  subsequently  heated  on  a  liquation  hearth,  in  order  to 
extract  the  argentiferous  lead  in  the  liquid  form,  whilst  the  asso- 
ciated copper  remains  unmelted  and  forms  a  porous  mass,  retaining 
yery  nearly  the  same  form  as  the  original  cakes  of  allov. 

This  hearth,  figs.  152  and  158,  consists  of  two  slightly  inclined 
plates  of  cast  iron,  so  placed  as  to  leave  between  them  a  small  space, 
8,  beneath  which  is  a  hollow  channel,  o,  left  in  the  mass  of  masonry, 
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H,  which  Buppoits  the  iron  plates.  The  discs  of  alloy  are  placed 
pm)endicularl7  on  these,  and  are  kept  at  a  short  distance  from 
each  other  bj  means  of  wooden  wedges,  whilst  the  open  sides  of  the 


153. 


152. 
area  are  closed,  after  charging  the  alloy,  by  thick  plates  of  sheet 
iron,  F.     The  ftiel  employed,  which  is  wood  charcoal,  is  intro- 
duced between  the  metallic  discs,  idFter  which  the  wooden  wedges 

are  withdrawn,  and  some  wood 
is  placed  in  the  channels,  c,  by 
the  combustion  of  which  the 
charcoal  in  the  upper  part  of  the 
hearth  is  readily  ignited:  the 
draught  is  produced  py  the  small 
ehimneys,  d,  left  in  the  masonry 
of  the  furnace.  As  the  tempe- 
rature of  the  cakes  becomes  more 
and  more  eleyated,the  lead,  which 
is  the  most  fusible  metal  pre- 
sent, begins  to  melt,  and,  flowing  on  the  surface  of  the  iron  plates, 
£Edls  into  the  channels,  o,  and  is  conducted,  by  a  slight  depres- 
sion in  the  floor,  into  the  exterior  basins^  h.  In  proportion  as 
these  reservoirs  become  fiUed,  the  lead  is  removed  with  an  iron 
ladle  to  a  mould,  where  it  receives  the  form  of  small  lenticular 
cakes.  The  copper,  still  retaining  a  certain  amount  of  lead  and 
silver,  remains,  m  the  form  of  mdf-fused  spongy  masses,  in  the 

Sosition  in  which  it  was  first  placed.  The  lead  thus  separated  by 
quation  contains  almost  the  whole  of  the  silver,  as,  from  the  cir- 
cumstance of  the  alloy  of  silver  and  lead  being  more  fusible  than 
the  pure  metal,  a  very  small  quantity  only  of  silver  is  retained  by 
the  lead  which  remains  associated  with  the  spongy  copper  on  the 
.  of  the  furnace. 
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These  porous  masses  of  copper  are,  however,  still  capable  of 
affording  a  certain  amount  of  argentiferous  lead,  if  submitted  to  a 
higher  temperature,  and  for  this  purpose  they  are  heated  in  a 
peculiarly  constructed  apparatus,  known  by  the  name  of  a  sweat- 
ing^fumace. 

f^g.  154i  represents  an  elevation  of  this  furnace,  and  fig.  155,  a 
horizontal  section,  made  at  the  level  of  the  bottom  of  the  door  a. 
The  spongy  masses  of  copper 
remaining  after  the  Uquation 
of  the  lead  and  silver,  are 
charged  on  the  sole  of  the 
furnace,  above  the  top  of  the 
flues  F,  and  resting  on  the 
brick  piers  by  which  they  are 
divided  from  each  other.  The 
spaces  F  are  now  filled  with 
wood,  which  is  ignited,  and 
the  door  a  is  closed.  The 
draught  is  established  through 
the  openings  /,  in  connection 
with  a  chimney,  by  which  the 
smoke  and  neated  air  arei 
carried  off. 

This  treatment  determines 
the  separation,  in  a  liquid 
form,  of  a  further  portion  of 
lead,  but  as  the  air  passing 
through  the  furnace  is  pos^ 
sessed  of  highly  oxidising  pro-- 
perties,  the  larger  proportion 
ifl.  converted  into  btharge, 
whichfalls  to  the  bottom  of  th^ 
spaces,  F,  together  with  a  small  quantity  of  oxide  of  copper  dissolved 
in  the  more  ^sible  oxide  of  lead.  By  operating  in  this  way,  then, 
we  obtain  on  the  sole  a  black  copper,  still  further  freed  from  lead 
and  silver  than  that  coming  from  the  liquation  hearth,  and  in  the 
spaces  F,  will  be  accumulated  a  litharge  rich  in  silver,  and  con- 
taining a  small  proportion  of  oxide  of  copper. 

This  last  mixture  is  employed  as  a  source  of  lead  in  the  cupolas 
in  which  the  fusion  of  the  black  copper  with  lead  is  conducted. 

The  black  copper  obtained  from  the  Mansfeld  process  is  refined 
in  a  reverberatory  furnace  closely  resembling  the  German  cupelling 
furnace  to  be  hereafter  describea. 

The  fuel  employed  is  wood,  which  is  consumed  on  a  grate,  from 
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whence  the  heated  air  diffuses  itself  in  the  body  of  the  furnace, 
and  then  passes  off  hj  the  chimney.  The  copper  to  be  puri£ed  is 
piled  on  the  sole,  which  is  composed  of  a  mixture  of  charcoal-duBt 
and  clay  firmly  consolidated  with  a  rammer.  The  black  copper  is 
charged  through  a  door,  which  is  closed  immediately  atter  its 
introduction ;  and  as  soon  as  the  metal  is  melted,  a  current  of  air 
is  made  to  play  constantl^p^  on  its  surface  from  two  tuyeres,  the 
nozzles  of  which  are  furnished  with  butterflies,  or  loose  pendant 
valves,  for  the  purpose  of  spreading  the  effect  of  the  blast  equally 
over  the  whole  surface  of  the  metallic  bath.  When  exposed  to 
these  oxidising  influences,  the  sulphiur,  iron,  and  lead,  are  first 
acted  on,  and  give  rise  to  the  formation  of  slags,  which  are  raked 
through  the  door.  At  the  expiration  of  a  certain  time  the  copper 
becomes  free  from  all  the  other  metals  with  which  it  was  associated, 
and  its  surface  is  covered  with  a  slag  of  a  red  colour,  extremely 
rich  in  protoxide  of  copper.  As  the  process  advances,  the  work- 
man extracts  samples  oi  copper  at  frequent  intervals  by  introducing 
into  the  furnace  an  iron  bar,  around  the  end  of  which  a  sort  of 
metallic  thimble  is  quickly  formed,  and  thi^,  on  being  hammered, 
affords  the  means  of  ascertaining  the  precise  point  at  which  the 
operation  should  be  terminated.  When  the  metal  has  been  suffi- 
ciently refined,  the  charge  is  at  once  run  out  into  two  external 
basins,  where  a  little  water  is  thrown  on  its  surface,  in  order  to 
determine  the  solidification  of  a  superficial  crust :  this  is  removed 
by  a  hooked  bar  of  iron  in  the  form  of  a  thin  circular  plate.  More 
water  is  now  thrown  on  the  fused  mass,  and  other  discs  are  succes- 
sively obtained,  until  the  whole  of  the  charge  has  been  removed 
from  the  external  reservoirs.  These  plates,  which  are  called 
rosettes,  are  of  a  fine  red  colour,  and  covered  on  the  surface  with 
numerous  blisters  similar  to  those  observed  on  ordinary  cemented 
steel :  they  also  retain  a  small  proportion  of  the  red  oxide,  by  which 
tljieir  ductility  and  malleability  are  considerably  impaired. 

This  purification  of  the  black  copper  is  sometimes  accomplished 
previous  to  the  addition  of  the  lead  necessary  for  the  purposes  of 
liquation ;  but,  in  other  cases,  the  operation  is  not  carried  to  the 
same  extent,  and  the  partially  refined  metal  is  finely  granulated 
by  being  run  out  of  the  furnace  into  a  large  cistern  of  water. 
I^iese  granules  are  subsequently  melted  in  a  cupola,  with  the 
addition  of  either  litharge  or  metallic  lead,  by  which  a  more  homo- 
geneous alloy  is  obtained  than  by  the  direct  frision  of  the  black 
copper  with  blue  lead.  This  mixture  is  moulded  into  discs  in  the 
usual  way,  and  after  the  process  of  liquation  and  sweating,  the 
remaining  cupreous  matters  are  refined,  and  toughened  in  a  small 
blast  hearth,  called  in  German  Kuffergahrheerd. 
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When  the  black  copper  does  not  contain  a  sufficient  amount  of 
silver  to  pay  for  its  extraction,  it  is  not  subjected  to  the  process 
of  liquation,  but  is  at  once  refined  in  the  small  G-erman  hearth. 

Fig.  156  represents  a  perspective  view ;  and  fig.  157  a  vertical 
section  of  this  arrangement,  which  consists  of  a  hemispheric  basin 
a,  about  16  inches  in  diameter,  interiorly  lined  with  a  composi- 


tion formed  of  two  parts  of  pounded  charcoal,  and  one  part  of  fire- 
clay. This  is  surrounded  by  a  low  iron  curb  c,  which  is  intended 
to  Keep  the  fuel  &om  being  scattered,  and  is  furnished  with  a 
small  iron  door  d.  When  the  crucible  has  been  fresh  lined,  it  is 
necessary  before  proceeding  with  another  operation  to  dry  it  by 
the  introduction  of  a  few  shovels  fnll  of  ignited  charcoal,  which 
is  allowed  to  remain  until  the  hearth  is  completely  dried.  As 
soon  as  this  is  the  case,  the  cavity  is  filled  up  with  iiesh  charcoal, 
fragments  of  black  copper  are  arranged  opposite  the  tuyere  ty 
and  the  blaat  is  gradually  admitted.  When  the  first  cluu^e  of 
crude  metal  has  been  thus  melted  a  further  quantity  is  added, 
care  being  taken  at  the  same  time  to  supply  the  hearth  with  a 
proper  amount  of  fuel.  The  scorise  formed  during  the  progress 
of  the  operation  escape  through  a  tap-hole,  which  communicates 
with  the  cavity  in  which  the  refining  is  effected,  a  little  below 
the  level  of  the  top  of  the  mass  of  masonry  m. 

The  first  slags  obtained  are  of  a  greenish  colour,  and  contain 
a  large  quantity  of  oxide  of  iron ;  during  the  fusion,  sulphurous 
acid,  and  sometimes  white  antimonial  vapours,  are  evolved. 

The  next  slags  are  of  a  deep  red  colour,  and  are  extremely  rich 
in  dinoxide  of  copper.  When  the  whole  of  the  black  copper 
constituting  a  charge  has  been  fused  in  successive  small  quantities, 
the  workman  takes  samples  from  time  to  time  by  means  of  an 
iron  rod,  and,  from  the  appearance  of  these,  he  is  enabled  to 
judge  of  the  working  of  the  furnace,  and  the  state  of  the  metal 
it  contains.    As  soon  as  the  process  is  found  to  be  sufficiently 
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adyanoed,  the  blast  is  suddenly  stopped,  and  a  pailful  of  water 
thrown  on  the  surface  of  the  metal,  which  is  immediatelj  after- 
wards freed  from  the  fragments  of  charcoal  by  which  it  is  sur- 
rounded. 

The  scoriae  are  then  carefrdly  raked  off  from  the  surfsice  of  the 
bath,  on  which  a  little  water  is  again  thrown  to  solidify  the  upper 
surface,  which  is  at  once  withdrawn  in  the  form  of  a  circular  plate. 
When  the  first  disc  has  been  removed,  more  water  is  thrown  on 
the  sur£B>ce  of  the  metal,  and  a  second  film  is  coagulated  and  lifted 
off.  These  operations  are  repeated  after  the  remoTal  of  the  second 
plate,  and  continued  until  the  whole  of  the  metal  has  been  com- 
pletely removed  from  the  cavity  of  the  furnace.  The  process  of 
refining  commonly  occupiefs  about  two  hours,  and  affords  75  parts 
of  rosette  copper  from  lOO  parts  of  black  copper  originally 
operated  on. 

The  rosettes  obtained  by  these  methods  of  refining  are  far  ttom. 
exhibiting  that  malleability  and  ductility  which  we  observe  in 
ordinary  commercial  sheet  copper ;  and,  in  order  to  communicate 
to  it  these  properties,  it  is  necessary  that  it  should  be  subjected 
to  a  final  and  very  delicate  operation,  which  can  only  be  success- 
fully conducted  by  workmen  of  considerable  experience.  Thia 
toughening  is  not  on  the  Continent  effected  in  the  establishments 
where  the  rosette  copper  itself  is  produced,  but  is  more  commonly 
performed  in  the  workshop  of  the  coppeivsmith,  by  whom  the 
softened  metal  is  converted  into  the  various  utensils  for  which  it 
is  employed. 

For  this  purpose  the  rosettes  are  again  melted  in  a  little  fur- 
nace, similar  to  that  above  represented ;  anfd  as  soon  as  the  discs 
are  fiised,  and  have  fallen  into  the  small  concave  basin,  the  surface 
of  the  bath  is  sparingljr  covered  with  small  pieces  of  charcoal,  bj 
which,  after  a  certain  time,  the  oxide  is  entirely  reduced,  and  tad 
metal  attains  its  state  of  greatest  malleability.  If,  however,  the 
exact  moment  for  stopping  the  operation  is  not  ser^d — t.  e.  when 
all  oxide  has  been  completely  reduced,  it  again  gradttally  loses  its 
ductility,  from  entering  into  combination  with  a  portion  of  the 
carbon  by  the  aid  of  wmch  the  oxide  was  at  first  reouced. 

When  this  occurs,  which  is  easily  ascertained  by  the  refiner,  who 
constantly  takes  samples  by  the  aid  of  an  iron  tod,  he  removes  the 
fuel  from  the  metal,  and  allows  the  btast  from  the  tuyere  to  play 
during  a  few  minutes  directly  on  the  surface  of  the  bath.  These 
operations  are  repeated  until  the  right  pitch  has  been  seized,  when 
the  metal  is  either  run  off  into  ingots,  or  is  cast  into  any  form  which 
it  maybe  required  to  assume.  The  great  art  in  this  method  of  refining 
is  to  hit  as  soon  as  possible  the  exact  point  at  which  the  operation 
should  terminate,  since,  if  these  reactions  be  unnecessarily  pro- 
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longed,  the  yarioiis  losses  incident  on  the  purification  of  the  copper 
will  be  considerably  increased. 

The  method  employed  for  the  separation  of  silver  by  amalga- 
mation firom  copper  matts  containing  that  metal,  will  be  described 
when  treating  or  the  metallurgical  treatment  of  the  various  ores 
of  silver ;  but  when  lead  ores  and  fuel  are  to  be  obtained  with 
tolerable  £Eicility,  and  at  a  moderate  cost,  the  separation  is  in  most 
instances  more  advantageously  conducted  by  a  proper  system  of 
liquation. 

The  process  above  described  is  capable  of  producing  copper  of 
great  chemical  purity ;  but  in  this  i^pect  it  never  surpasses  the 
"  selected  refined  "  metal  of  oiu*  own  smelters. 

Brass  and  otber  AUoys  of  CopiMlr. — Pure  copper  is  but  little 
adapted  for  moulding,  as  it  not  only  requires  a  considerable  degree 
of  heat  to  efiect  its  fusion,  but  is  also  extremely  liable  to  yield 
imperfect  and  air-blown  castings.  These  inconveniences  are  ob- 
viated by  the  addition  of  some  other  metal,  such  as  tin  or  zinc. 

With  the  addition  of  a  proper  quantiiy  of  the  latter,  an  alloy 
is  produced,  which  not  only  fuses  readily  and  afibrds  good  castings, 
but  which  is  also  more  easdy  worked  than  puiie  copper  either  at 
the  vice  or  in  the  lathe.  The  addition  of  zinc  materially  affects  the 
colour  of  the  copper  with  which  it  is  combined^  When  added  in 
small  proportion  only,  the  alloy  assumes  a  golden-vellow  colour ; 
if  the  percentage  of  zinc  be  more  considerable,  a  pale-straw  colour 
is  obtained,  and  if  the  zinc  predominates,  the  colour  of  the  alloy 
is  grejrish-white,  or  iron-grej. 

various  alloys  of  this  kmd  are  employed  in  the  arts,  of  which 
the  most  important  is  known  by  the  name  of  brats.  The  pro- 
portions of  the  two  metals  best  calculated  for  the  production  of 
fine  brass  seems  to  be  two  equivalents,  or  63*5  parts  of  copper,  and 
82*2  parts  or  one  equivalent  of  zine,  or  very  nearly  two  parts  by 
weigot  of  the  former  to  one  of  the  latter.  The  bright  coloured 
allojT  known  as  Prince  Bupert's  metal,  consists  of  one  equivalent 
of  zinc  and  one  of  copper,  or  nearly  equal  weights  of  each. 

Brass  or  hard  solder  consists  of  two  parts  of  brass  and  one  of 
zinc,  to  which  a  little  tin  is  occasionally  added;  but  when  the 
solder  is  reauired  to  be  very  strone;,  as  for  uniting  the  edges  of 
tubes  intended  to  subseauently  umfergo  drawing,  two  parts  of  com- 
mon brass,  and  two-thirds  of  a  part  of  zinc,  are  employed.  Mosaic 
cold  consists  of  65  parts  of  copper,  and  85  of  zinc.  Bath  metal 
IS  composed  of  78  parts  of  copper  and  22  of  zinc.  Pinchbeck 
and  Mannheim  gold  are  merely  omerent  names  for  an  alloy  similar 
to  Prince's  metd,  and  which  is  composed  of  three  parts  of  copper 
and  one  of  zinc,  separately  melted  in  different  crucibles,  and  after- 
wards suddenly  mixed  and  incorporated  by  stirring.    The  pre- 
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paration  of  brass  may  be  variously  oonductecL  In  some  localities 
the  copper  and  zinc  are  directly  melted  together,  as  at  the  manu- 
factory of  Heeermuhl,  on  the  Finon  Canal  near  Potsdam,  where 
411bs.  of  old  brass,  and  531bs.  of  refined  copper  granulated,  and 
241bs.  of  zinc  are  operated  on  at  one  time.  The  mixture,  which 
weighs  1201bs.,  is  divided  into  four  crucibles,  and  melted  in  a 
wind  j^imace  with  pit  coal  fuel.  The  loss  experienced  during  the 
fusion  of  a  charge  of  this  kind  varies  firom  two  and  a  half  to  four 
pounds.  Instead  of  operating  in  this  way,  slips  of  copper  are 
sometimes  plunged  into  melted  zinc  until  a  somewhat  infusible 
alloy  IB  obtained,  when  the  heat  is  raised,  and  the  remainder  of 
the  copper  added. 

The  brass  thus  obtained  is  broken  into  small  pieces,  and  again 
melted  with  a  fresh  quantity  of  zinc  to  obtain  the  finished  aUoy. 
When  the  mixed  metal  is  intended  to  be  rolled  into  sheets,  it  is 
first  cast  into  thin  plates  by  pouring  it  in  a  mould,  the  sides  of 
which  are  made  of  two  flat  slabs  of  granite,  mounted  in  an  iron 
frame,  and  kept  at  the  requisite  mstance  firom  each  other  by 
parallel  bars  of  the  same  metal.  After  having  once  or  twice  passed 
through  the  rolling-mill  the  plates  become  too  hard  to  laminate 
with  facility,  and  are  annealed  by  being  heated  to  redness,  and 
allowed  to  cool  slowly  before  they  are  again  passed  between  the 
rollers.  This  process  is  repeated  as  often  as  the  sheets  become 
too  hard  to  be  conveniently  wrought,  and  when  considerably 
reduced  in  thickness,  two  or  three,  or  even  six  or  seven  sheets, 
are  passed  together  between  the  rollers.  When  only  small  quan- 
tities of  brass  are  required,  it  is  made  by  melting  in  an  earthen 
or  black-lead  crucible  a  mixture  of  copper  and  old  brass,  to  which, 
immediately  before  the  alloy  is  to  be  poured  into  the  mould  pre- 
pared for  its  reception,  is  added  a  proper  amount  of  zinc.  The 
reason  for  adding  the  zinc  at  so  late  a  period  of  the  operation  is 
to  prevent  its  bemg  again  driven  off  by  the  great  heat  to  which  it 
is  exposed. 

Pieces  of  copper  are  sometimes  externally  converted  into  brass 
by  exposure  when  at  a  red  heat  to  the  vapour  of  zinc :  in  this  way 
are  prepared  the  copper  bars  from  which  the  so-called  gold  wire 
of  Lyons  is  manufactured. 

Copper  is  also  extensively  alloyed  with  tin,  in  combination  with 
which  it  yields  many  valuable  compounds,  variously  named  in 
accordance  with  their  respective  compositions  and  uses. 

Oun-metal  of  which  cannons  are  made  consists  of,  copper  91 ; 
tin  9. 

Bell-metal  is  composed  of,  copper  78 ;  tin  22. 

The  alloy  of  which  gongs  and  cymbals  are  manufactured  has 
usually  the  following  composition : — Copper  80 ;  tin  20. 
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An  alloy  for  telescope  mirrors  consists  of  67  parts  of  copper 
and  33  of  tin,  whilst  that  employed  for  medals  is  composed  of  95 
parts  of  copper  and  5  of  tin,  to  which  a  trace  of  zinc  is  occasionally 
added  for  tne  purpose  of  improving  the  tint. 

The  alloys  of  copper  and  tin,  although  extensively  important  in 
the  present  day,  were  evidently  much  more  so  before  the  use  of  iron 
became  generally  known,  as  prior  to  that  period  they  were  almost 
exclusively  employed  in  the  manufacture  of  cutting  instruments ; 
for  this  purpose  a  mixture  of  90  parts  of  copper  to  10  of  tin  was 
most  commonly  used,  although  a  little  lead  was  occasionally  added 
apparently  with  a  view  of  imparting  to  the  alloy  a  certain  degree 
of  toughness. 

The  preparation  and  fusion  of  these  different  mixtures  is,  ac> 
cording  to  the  quantities  required,  conducted  either  in  a  rever- 
beratoiy  furnace,  or  in  crucibles  heated  by  a  strong  coke  fire. 
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COBALT. 

Equiv.  =^  29-52.    Density  =  853. 

Cobalt  is  a  metal  of  a  steel-grey  colour,  and  is  susceptible  of 
receiving  a  high  polish ;  but,  from  the  difficulty  experienced  in  its 
preparation,  and  its  peculiar  properties,  it  is  never  employed  in 
the  metallic  state.  Pure  metallic  cobalt  may  be  obtained  by  the 
reduction  of  its  oiddes  by  the  aid  of  heat  and  hydrogen  gas,  but  the 
metal  thus  procured  is,  from  its  finely  divided  state,  highly  Pyo- 
phoric.  To  obtain  this  metal  in  a  more  compact  and  less  oxidisable 
form,  the  oxide  may  be  strongly  heated  in  a  porcelain  tube,  passing 
through  the  cavity  of  a  large  assay  furnace.  The  reduction  must 
in  this  case  also  be  effected  by  a  current  of  hydrogen  gas ;  but 
from  the  elevated  temperature  at  which  the  operation  is  conducted 
a  sort  of  aggregation  of  the  particles  is  obtained,  and  by  this  its 
tendency  to  rapid  oxidation  is  prevented.  The  oxides  of  cobalt, 
like  those  of  iron,  are  readily  reduced  by  the  action  of  carbon  at 
an  elevated  temperature,  and  give  rise  to  the  production  of  a 
carburet  of  cobalt  corresponding  to  the  well-known  carburet  of 
the  former  metal.  Cobalt  is  less  readily  than  iron  acted  on  by  a 
moist  atmosphere,  but  by  continued  exposure  becomes  covered  by 
an  oxide  of  a  dark-brown  colour. 

OB£S  OF  COBALT. 

The  ores  of  cobalt  are  readily  distinguished  from  other  minerals 
by  their  property  of  affordinga  fine  blue  colour  when  fused  with 
borax  berore  the  blowpipe.  The  principal  ores  of  this  metal  are 
the  following : — 

Smmitine  occurs  in  octahedrons,  cubes,  and  dodecahedrons,  more 
or  less  modified.  Colour,  tin-white,  inclining  to  steel-grey ;  struc- 
ture, granular  and  imeven ;  densily,  6*4  to  7*2.  This  ore  essen- 
tially consists  of  cobalt  and  arsenic,  although  their  relative  propor- 
tions are  subject  to  considerable  variation.  It  is  found  in  veins 
associated  with  silver  and  copper ;  occurs  in  Cornwall,  Bohemia, 
Hessia,  and  more  abundantly  at  Schneeberg  in  Saxony. 

Black  •xldc  of  Cpbait  is  an  earthy  mineral  of  a  blue-black  colour : 
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wliicli  oconrs,  more  or  less  mixed  with  black  oxide  of  manganese,  in 
many  localities,  particularly  in  Cornwall,  Germany,  and  Austria.  It 
is  also  found  in  considerable  abundance  in  the  Missouri  districts, 
United  States  of  America.  The  ore  horn  this  locality  analysed  by 
Prof.  Silliman,  afforded  40  per  cent,  of  o^de  of  cobalt  associated 
with  the  oxides  of  nickel,  manganese,  iron,  and  copper. 

Arsf  nfate  of  Cobmlt  presents  itself  in  thin  oblique  crystals,  haying 
a  perfectly-defined  cleayage  and  foliaceous  structure.  It  also  occurs 
a9  an  incrustation  on  other  minerals,  and  in  compact  reniform 
Swisses.  Its  colour  is  a  pinkish  purple,  resembling  that  of  the 
peach-blossom ;  when  scratched,  it  affords  a  greenish  streak.  This 
mineral  is  generally  associated  with  lead  and  silyer,  or  with  other 
ores  of  cobalt,  and  is  abundantly  found  at  Bchneeberg  in  Saxony, 
Saalfield  in  Thuringia,  and  Eiegelsdorf  in  Hessia.  It  is  also  foimd 
ii>  England,  in  the  coiinties  of  Cornwall  and  Cumberland,  but  does 
not  occur  in  this  country  in  sufficient  abundance  to  render  its 
extraction  a  matter  of  commercial  importance.  Its  composition, 
according  t^  Dana,  ip  39'2  of  o^de  of  cobalt,  d7'9  of  arsenic  add, 
and  229  of  water.  When  heated,  it  giyes  off  arsenical  fumes,  and 
fused  with  borax,  affords  a  bead  of  a  £ie  blue  colour. 

The  yarious  preparations  of  cobalt  are  chiefly  used  for  painting  on 
pottery,  and  are  for  this  purpose  largely  imported  from  Gfermany, 
either  vpl  the  state  of  o^de  or  in  the  form  of  a  silicate  known  as 
smalt  or  azure  blue, 

Estlmatipn  of  Cobmlt. — This  metal  is  commonly  estimated  in 
the  metallic  state,  and  for  this  purpose  the  oxide  obtained  by  pre- 
cipitation with  caustic  potash  is  reauced  by  a  cmrrent  of  hywgen 
gas  passed  oyer  it,  when  heated  to  redness,  in  a  tube  of  hard 
German  glass. 

Cobalt  is  separated  from  the  alkalies  and  alkaline  earths  by  sul- 
phide  of  ammonium,  which  precipitates  it  as  sulphuret.  When 
magnesia  is  present  in  the  compound  examined,  its  precipitation 
must  be  preyented  by  the  addition  of  chloride  of  ammonimn  to  the 
solution,  previous  tp  the  introduction  of  the  alkaline  sulphuret. 
Oxide  of  cobalt  is  readily  separated  from  alumina  by  excess  of 
caustic  potash,  which  dissolves  the  latter,  and  leaves  the  oxide  of 
cobalt  unaffected. 

The  separation  of  cobalt  from  iron  is  obtained  in  various  ways, 
but  among  the  most  simple  of  these  is  the  following : — The  iron  is 
iBrst  peroxidised  by  the  addition  of  nitric  acid,  and  afi;er  having 
added  a  sufficient  amount  of  chloride  of  ammonium  to  keep  the 
cobalt  in  solution,  the  irop  is  thrown  down  by  an  excess  of  am- 
monia. The  cobalt  is  subsequently  precipitated  from  the  filtrate 
by  the  addition  of  sulphide  of  ammonium.  The  separation  of  cop- 
per and  lead  from  ores  of  cobalt  is  easily  obtained  Dy  sulphuretted 
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hydrogen,  which  precipitates  the  two  former  without  affecting  the 
latter. 

The  complete  separation  of  cobalt  from  mancanese  is  attended 
with  considerable  difficulty.  One  of  the  best  methods  of  conducting 
this  operation  is  the  following : — The  mixed  oxides  are  first  heated 
in  a  current  of  hydrochloric  acid  gas,  for  the  purpose  of  converting 
them  into  chloriaes ;  they  are  then  heated  in  tne  same  tube,  through 
which  a  current  of  hydrogen  gas  is  now  conducted:  this  reduces 
.the  chloride  of  cobalt  to  the  metallic  state,  whilst  the  chloride  of 
manganese  remains  unaffected,  and,  on  treating  the  mixture  with 
warm  water,  is  completely  removed  in  solution. 

8MAXT  OB  AZUBE  BLUE. 

This  substance,  which  is  extensively  employed  as  a  pigment  for 
producing  a  blue  colour  on  various  kinds  of  pottery,  as  also  by 
paper- stuners  and  house-painters,  is  chiefly  manu&ctured  in 
Saxony  and  Bohemia,  where  the  greater  portion  is  produced  by  the 
treatment  of  the  natural  arseniosulphuret  of  cobalt.  The  ore 
destined  for  the  manufacture  of  smalt  is  first  roasted  in  a  reverbe- 
ratory  furnace,  having  in  communication  with  its  flue  a  large 
chsmoer  for  the  purpose  of  condensine;  the  arsenical  fumes  which 
are  evolved.  After  naving  been  suitably  roasted  in  this  furnace, 
the  ore  is  mixed  with  pure  siliceous  sand  and  carbonate  of  potash, 
in  the  proportion  of  50  parts  of  silicic  acid,  20  to  22  of  alk^  and 
from  25  to  30  parts  of  tne  prepared  mineral.  The  fusion  is  now 
conducted  in  large  earthen  pots,  arranged  in  a  furnace  similar  to 
those  employed  in  the  preparation  of  ordinary  glass.  The  fusion 
of  the  mixture  first  commences  at  the  surface,  where  it  becomes 
pasty  and  cavernous  from  the  gases  evolved  during  the  process. 
At  the  expiration  of  five  hours  from  the  charging  of  the  rumace, 
the  contents  of  l^e  pots  receive  a  first  stirring  witn  a  long  iron  rod, 
and  this  is  repeated  once  every  hour  until  the  glass  has  become 
perfectly  fused  and  adheres  firmly  to  the  stirrer  without  any  ap- 
pearance of  air  bubbles.  The  contents  of  each  pot  are  now  foimd  to 
be  arranged  in  three  distinct  strata.  The  first  consists  of  a  light 
blue  glass,  which  is  at  once  removed ;  the  second  is  the  true  cobalt 
blue ;  and  the  third,  which  accumulates  at  the  bottom  of  the  pots, 
a  fusible  matt,  generally  containing  nickel,  and  known  by  the  name 
of  Speiis.  After  the  removal  of  the  light  blue  glass,  the  smalt  is 
laded  out  from  the  pots  with  a  large  iron  ladle  and  thrown  into  a 
reservoir,  through  wnich  a  current  of  water  is  constantly  made  to 
flow.  By  this  treatment  it  becomes  split  into  innumerable  frag- 
ments, and  ita  subsequent  pulverisation  is  consequently  much  faci- 
litated.   When  the  pots  nave  been  nearly  emptied,  the  speiss, 
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tocher  with  a  litUe  smalt,  is  removed  by  the  ladle :  the  former 
being  completely  liquid,  readily  separates  from  the  more  viscous 
glass  which  adheres  to  the  ladle,  whilst  the  metallic  matt  is  run 
into  cast  iron  moulds.  These,  during  the  time  they  remain  hot, 
give  off  dense  arsenical  vapours,  and  are,  therefore,  so  placed  in 
niches  in  the  furnace  as  to  be  in  direct  communication  with  the 
draught  of  the  chimney. 

The  deeply-coloured  blue  glass,  after  being  removed  from  the 
vat  into  wmcn  it  has  been  thrown,  is  first  pounded  under  a  stamp- 
ing miU,  and  then  ground  with  water  to  the  state  of  an  impalpable 
pmp  beWeen  large  granite  mill-stones.  The  blue  pulp  thus  obtained 
IS  afterwards  suspended  in  water  for  the  purpose  of  separating  the 
coarser  fragments,  which  are  the  first  deposited,  and  again  made  to 
pass  through  the  granite  milLs.  After  havinjo;  been  allowed  to 
stand  a  certain  time,  the  supernatant  Uquor  is  drawn  off  into  a 
series  of  reservoirs,  in  which  the  powder  gradually  deposited  is 
classified  in  accordance  with  its  order  of  deposition.  The  different 
products  thus  obtained  vary  in  colour  with  the  greater  or  less  fine- 
ness of  the  particles  of  which  they  are  composed. 

CoMdt  Bine,  or  Tbcnard's  Blue,  is  prepared  by  precipitating  a 
solution  of  sulphate  or  nitrate  of  cobalt  by  phosphate  of  potash, 
and  adding  to  the  resulting  gelatinous  deposit  from  three  to  four 
times  its  volume  of  freshly  deposited  alumina,  obtained  by  the 
addition  of  carbonate  of  soda  to  a  solution  of  common  alum.  This 
mixture,  after  being  well  dried  and  calcined  in  a  crucible,  affords, 
when  properly  ground,  a  beautiful  blue  pigment. 
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NICKEL. 

Equiv.  =  29-67.    Density  =  8-3. 

Nickel  Ib  a  metal  of  a  grejisb-white  colour,  much  more  ductile 
and  malleable  tban  cobaA;,  and  possessed  of  magnetic  properties 
but  little  inferior  to  those  of  iron,  although  when  strongly  heated 
this  properi^  almost  entirely  disappears..  The  sur&ce  of  polished 
nickel  is  but  slightly  affected  by  exposure  ito  a  moist  atmosphere, 
but  when,  heat^  in  contact  with  air  it  quickly  becomes  covered 
by  a  green  oxide. 

Pure  metallic  nickel  may  be  prepared  firom  it&  oxide  by  the 
process  made  use  of  in  the  preparation  of  cobalt,  and  when  thus 
obtained,  has  much  the  appearance  of  the  pulverulent  cobalt 
similarly,  produced.  Wh^i  oxide  of  nickel  is  strongly  heated  with 
charcoal,  in  a  wind  furnace,  it  becomes  reduced  to  the  metallic 
state,  and,  by  combining  with  a  portion  of  the  carbon  present, 
gives  rise  to  the  formation  of  a  fiisible  carburet^,  which  collects  in 
the  form  of  a  button  at  the  bottom  of  the  crucible  in  which  the 
fusion  has  been  conducted.  When  treated  either  by  hydrochloric 
or  weak  sulphuric  acid,  this  metal  dissolves  with  the  evolution  of 
hydrogen  gas. 

•res  of  NiokeL — The  ores  of  nickel,  with  but  few  exceptions, 
have  a  pale  cobur,  and  metallic  lustre.  In  some  respects  they 
resemWe  those  of  cobalt,  but  are  distinguished  from  them  by  not 
communicating  a  blue  colour  to  borax,  when  fused  before  the 
blowpipe.-  Specimens  of  native  nickel  have  been  obtained  from 
"Westerwald,  in  the  Erzgebirge,  but  it  is  not  found  in  sufficient 
quantities  to  constitute  an  article  of  commerce. 

Copper  Nickel ;  KupfemtckeLr—T\aB  is  a  mineral  of  a  pale  copper 
colour,  affording  a  brownish-red  streak.  It  usually  occurs  massive, 
and.  has  a  metallic  lustre.  It  is  extremely  brittle,  and  has  a 
specific  gravity  varying  from  7*3  to  7'5.  This  ore  is  essentially 
composed  of  44  parts  of  nickel  and  54  of  arsenic,  but  a.  portion 
of  the  latter  body  is  not  unfrequently  replaced  by  a  corresponding 
amount  of  antimony.  "WTien  heated  before  the  blowpipe,  it  &;ives 
off  alliaceou8fumes,and  subsequently  fuses  into  a  pale  green^Iobule,. 
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which  darkens  on  exposure  to  the  oxidising  flame.  Gopher  nickel 
is  generally  found  associated  with  the  ores  of  copper,  sdver,  and 
cobalt,  and  is  principallj  obtained  from  the  mines  of  Saxony : 
small  quantities  have,  however,  been  raised  in^  this  countiy,  and 
particularly  at  Fengellej  mine,  in  Cornwall. 

Among  the  other  ores  belonging  to  this^  class,  although,  from 
their  scarcity,  of  much  less  commercial  importance  than  the  above, 
may  be  mentioned  the  following:  Nickel  glance^  an  arsenical 
ore,  occurring  both  massive  and  in  cubical  crystals.  This  mineral^ 
which  is  of  a  steel-grey  colour,  is  found  in  Sweden,  the  Hartz,  and 
at  Schladming  in  Austria.  It  contains  38  per  cent,  of  nickel^ 
and  has  a  specific  gravity  of  about  6*7.  White  nickel^  another 
arsenical  ore,  foimd  at  Eeichelsdorf  in  Hesse  Cassel,  and  Sohnee- 
berg  in  Saxony;  it  contains  from  20  to  30  per  cent,  of  niekel. 
Nickel  atibiney  an  antimonial  sulphuret  of  nickel,  containing 
from  25  to  29  per  cent,  of  the  latter  metal.  Antimonial  nickel, 
containing  29  per  cent,  of  nickel,  and  no  sulphur.  It  is  a  pale 
copper-txdoured  mineral  from  the  Andreasberg  moimtains. 

Nickel  Pyrites  is  a  brass-yellow  sulphuret  of  nickel,  occurring 
in  rhombohedral  crjrstab,  and  in  dehcate  capillary  forms.  This 
ore,  which  is  found  in  small  quantities  in  Bohemia,  Saxony,  and 
Cornwall,  contains  64  per  cent,  of  nickel,  and  has  a  density  of  5*3. 
Niekeli/eroM  pyritee,  a  double  sulphuret  of  iron  and  nickel,  of  a 
bronze^'ellow  colour,  containing  from  2  to  22  per  cent,  of  that 
metal,  is  obtained  from  southern  Norway.  A  similar  compound, 
containing  from  10  to  12  per  cent,  of  nickel,  has  recently  beeiz 
discovered  in  the  neighbourhood  of  Inverary,  in  Scotland,  and  is 
noticed  bv  Mr.  King  as  occurring  in  the  La  Motte  mine,  in  the 
U.S.  of  America.  Another  sulphuret  of  nickel,  containing  bis- 
muth, has  been  found  in  some  of  the  Prussian  mines,  which  have 
also  produced  specimens  of  arseniate  of  nickel  of  a  beautiful  apple- 
gfjen  colour. 

«recB  •xldc  of  Nickel  usually  occurs  as  an  incrustation  on  other 
minerals.  It  is  nearly  transparent,  of  a  bright  emerald-green 
colour,  and  has  a  vitreous  lustre.  Another  oxide  of  nickel,  of  a 
brown,  or  nearly  black  colour,  and  containing  variable  quantities 
of  sulphur,  is  found  in  connection  with  the  ores  of  cobalt,  at  the 
mine  of  La  Motte,  in  the  Missouri  district. 

Estimation  of  Nickel,  and  its  separation  from  Cobalts — Nickel, 
like  cobalt,  is  weighed  in  the  metallic  state,  for  which  purpose  its 
oxide,  precipitated  by  caustic  potash,  is  reduced  by  bemg  healed 
to  redness  in  a  hurd  glass  tube,  through  which  a  current  of 
hydrogen  gas  is  made  to  pass.  The  separation  of  nickel  from 
other  metals  is  effected  by  the  same  processes  as  are  employed  f(jr 
the  elimination  of  cobalt,  and  it  will  therefore  be  merely  necessary 

Digitized  by  LjOOQIC 


BIGIXL. 

to  describe  the  method  of  separating  these  metals  from  each  other. 
One  of  the  most  simple  means  by  which  this  object  maj  be  effected 
is  the  ft^llQwing :  To  the  solution  containing  tne  two  oxides  to  be 
separated,  is  added  a  slight  excess  of  oxalic  acid,  b^  which  they 
are  both  precipitated.  The  deposit  thus  obtained  is  now  redis- 
solved  in  ammonia,  and  the  solution  placed  in  an  uncorked  flask, 
and  thus  left  exposed  to  the  air.  By  this  means  the  ammonia  ia 
gradually  dissipated,  and  in  proportion  as  it  is  eyolyed  the  liquor 
loses  its  power  of  dissolving  the  oxalates  which  it  contains.  The 
two  salts  are  not,  however,  equally  soluble  in  the  volatile  alkali, 
and  a  point  is  therefore  arrived  at  when  the  oxalate  of  nickel, 
which  is  of  the  two  the  least  soluble,  begins  to  be  precipitated, 
whilst  the  whole  of  the  oxalate  of  cobalt  is  still  retained  in  solu- 
tion. In  proportion  as  the  oxalate  of  nickel  is  deposited,  the 
liquor  gradually  assumes  a  redder  tint,  and  when  it  has  acquired  a 
full  red  colour,  the  whole  of  the  nickel  has  been  deposited,  and  the 
liquor  containing  the  cobalt  must  be  careftdly  syphoned  off,  and 
the  precipitate  washed  with  distilled  water.  The  oxalate  of  nickel 
thus  obtained  inyariably  contains  a  small  quantity  of  oxalate  of 
cobalt,  which  must  be  separated  by  a  second  solution  in  ammonia, 
and  exposing  the  liquor  to  spontaneous  evaporation  in  a  warm 
part  01  the  laboratory. 

Another  method  by  which  this  separation  may  be  effected  with 
considerable  accuracy  is  the  foUowmg :  the  two  oxides  are  first 
dissolved  in  hydrochloric  acid,  and  the  liquor  afterwards  consider- 
ably diluted  with  distilled  water.  The  liquor  is  now  saturated 
with  chlorine  gas,  and  an  excess  of  precipitated  carbonate  of 
baryta  added.  The  liquor,  which  must  be  cold  at  the  time 
this  addition  is  made,  is  afterwards  set  aside  for  about  18  hours, 
at  the  expiration  of  which  time  the  cobalt  will  be  entirely  pre- 
cipitated in  the  form  of  sesquioxide,  whilst  the  nickel  is  retame4 
in  solution.  The  precipitate,  consisting  of  sesquioxide  of  cobalt, 
and  the  excess  of  carbonate  of  baryta,  is  collected  on  a  filter, 
and  after  being  carefully  washed  is  (ussolved  in  hydrochloric  acid. 
From  this  liquor  the  baryta  is  separated  by  sulphuric  add,  and 
the  sesquioxide  of  cobalt  subsequently  precipitated  by  caustic 
potash. 

METALLUEGT  OF  KICKEL. 

The  nickel  of  commerce  is  chiefly  obtained  from  kupfemickel, 
nickeliferous  pyrites,  and  from  the  speiss  obtained  as  a  secondaiy 
product  in  the  treatment  of  nickeliferous  ores  of  cobalt.  The  most 
productive  mines  of  this  metal  are  those  of  Saxony,  Germany,  and 
Korway.    The  preparation  of  pure  nickel  from  speiss  is  conducted 
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in  accordance  with  a  method  first  proposed  by  Wohler.  The 
powdered  speiss  is  roasted,  first  alone,  and  afterwards  with  the 
addition  of  powdered  charcoal,  to  etfect  the  separation  of  its 
arsenic.  The  residue  obtained  by  this  process  is  now  mixed  with 
three  parts  of  sulphur  and  one  part  of  carbonate  of  potash,  and 
then  msed  in  a  large  earthen  crucible.  This  product  is  now 
edulcorated  with  warm  water,  by  which  the  arsenic  and  sulphur 
associated  with  potassium  are  dissolved,  while  the  nickel,  in  the 
form  of  sulphuret,  remains  at  the  bottom  of  the  vessel  in  which 
the  operation  has  been  conducted.  When,  as  sometimes  happens, 
from  the  employment  of  too  high  a  temperature  at  the  commence- 
ment of  the  roasting,  the  whole  of  its  arsenic  has  not  been  ex- 
pelled, the  operation  must  be  repeated  on  the  residual  sulphuret 
thus  obtained.  As  soon  as  they  have  been  entirely  freed  from 
arsenic,  the  sulphurets  are  well  washed  with  warm  water,  and  then 
dissolved  in  sulphuric  acid,  to  which  a  small  quantity  of  nitric 
acid  has  been  aoded :  the  precipitation  of  the  lead,  copper,  and 
bismuth  which  may  be  present,  is  determined  by  a  current  of  sul- 
phuretted hydrogen  gas,  and  the  metals  which  still  remain  in  solu- 
tion are  afterwards  precipitated  by  an  alkaline  carbonate.  This 
precipitate,  after  being  well  washed,  is  now  treated  with  an  excess 
of  o^c  acid,  which  forms  a  soluble  oxalate  of  iron,  and  leaves 
behind  an  insoluble  oxalate  of  the  oxides  of  cobalt  and  nickel. 
This  residue  is  then  dissolved  in  ammonia,  and  treated  as  already 
described.  The  oxalate  of  nickel  deposited  from  this  solution  is, 
after  being  careMly  washed  to  remove  any  traces  of  the  ammo- 
niacal  liquor,  ignited  in  a  close  crucible,  having  an  aperture  in 
the  lid  for  the  escape  of  the  evolved  gases. 

It  is  understood  that  great  improvements  in  this  process  have 
recently  been  made,  but  as  the  manipulations  employed  are  kepi 
a  secret  by  the  manufactiu^rs,  it  would  be  difficult  to  ascertain 
the  exact  routine  of  their  operations.  It  is,  however,  extremely 
probable  that  something  like  the  following  process  \a  that  now 
employed.  The  roasted  ore,  or  speiBS,  after  being  dissolved  either 
in  sulphuric  or  hydrochloric  acid,  to  which  either  nitric  acid  or 
nitrate  of  soda  has  been  added,  to  peroxidise  the  metals,  is  placed 
in  large  vessels,  in  which  the  insoluble  matters  are  allowed  to 
subside.  The  clear  liquor,  after  it  has  cooled,  and  the  copper  and 
lead  have  been  precipitated  by  sulphuretted  hydrogen,  may  be 
decanted  ofT,  and  treated  by  carbonate  of  lime,  in  the  form  of 
common  chalk,  by  which  the  iron,  and  traces  of  cobalt,  will  be 
precipitated,  whilst  the  greater  portion  of  the  cobalt,  and  the  whole 
of  the  nickel,  will  remain  in  solution.  After  the  oxide  of  iron 
thus  precipitated  has  subsided,  and  the  liquor  has  been  a^^ain 
syphoned  off,  the  cobalt  may  be  thrown  down  by  saturating 
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the  solution  with  chlorine  gas,  by  the  addition  of  hypochlorite  of 
lime,  and  then  adding  carbonate  of  hme  or  carbonate  of  baryta. 
The  liquor  syphoned  j&x)m  this  solution  contains  the  whole  of  the 
nickel,  which  may  now  be  precipitated  by  ebullition  with  hydrate 
of  lime,  and  dried  and  reduced  m  the  usual  manner. 

Appllcmtions  of  Nlekel. — The  nickel  obtained  in  this  country  is 
chiefly  employed  for  the  manufacture  of  Argentane^  or  German 
tilver,  which  is  an  alloy  of  this  metal  with  zinc  and  copper: 
nickel  likewise  forms  one  of  the  constituents  of  the  tutenagve  of 
China,  and  the  paekfong  of  the  East  Indies.  Being  exclusively 
used  as  an  alloy,  the  nickel  of  commerce  comes  into  the  market 
in  the  form  of  finely  divided  grains,  or  granidations  of  tihe  size  of 
small  beans.  The  best  German  silver  consists  of  8  parts  of  eop« 
per,  8  of  nickel,  and  3i  parts  of  zinc,  but  a  more  common  and 
inferior  variety  is  sometimes  manufactured  from  8  parts  of  copper, 
2  of  nickel,  and  4  of  zinc. 
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TIN. 

Equiy.  =  68*82.     Density  =  7-29. 

Tnr  is  a  white  metal,  possessed  of  a  lustre  closely  appToaching 
that  of  silver ;  it  has  a  characteristic  taste,  and  an  oaour  which 
becomes  peculiarly  evident  after  a  bar  of  this  metal  has  been 
slightly  warmed  bv  bein^  held  for  some  time  in  the  hand.  It  ia 
extremely  malleable,  and  may  consequently  be  reduced  into  veijr 
thin  leaves  by  hammering :  at  the  temperature  of  212^  Fahr.  this 
property  is  considerably  mcreased. 

This  metal,  although  flexible,  is  not  very  tenacious,  and  when 
bent  emits  a  peculiar  crackling  sound,  called  the  "  creaking  "  of 
tin.  This  phenomenon  is  produced  by  the  rubbing  together  of 
the  surfaces  of  the  minute  metallic  crystals  of  which  the  ingot  ia 
composed,  and  which,  by  their  friction  against  each  other,  cause  a 
perceptible  elevation  of  temperature  when.a  bar  has  been  repeatedly 
Dent  and  again  straightened. 

Tin  melts  at  a  temperature  of  442°  Fahr.  and  when  very  strongly 
heated  gives  off  distinct  white  Aimes,  which,  however,  appear  to 
possess  an  extremely  feeble  tension,  since  a  mass  of  metal,  when 
neated  in  a  smith's  forge,  experiences  but  a  slight  loss  of  weight 
by  a  prolonged  exposure  to  a  full  red-heat.  Tm  exhibits  a  great 
tendency  to  crystallisation,  and  this  property  may  be  readily  made 
apparent  by  attacking  its  surface  by  some  acid  capable  of  removing 
the  exterior  pellicle.  When  this  has  been  done,  the  surface 
assumes  a  mottled  appearance,  caused  by  the  irregular  reflection 
of  the  fem-like  crystals  brought  to  lignt  by  the  action  of  the 
acid.  A  process  of  this  kind  is  sometimes  employed  to  improve 
the  appearance  of  snuff-boxes,  and  other  objects  made  of  tin-plate, 
which,  after  being  thus  treated,  and  subsequently  covered  with  a 
coating  of  transparent  .and  slightly  coloured  varnish,  present  a 
variegated  and  prettily  marked  surface. 

Tin  may  also  be  made  to  ciystallise,  by  fusing  a  considerable 
weight  in  a  ladle  or  crucible,  which  is  afterwards  allowed  to  oooi 
very  gradually  in  a  heated  sand-bath,  and  as  soon  as  a  solid  .peUiole 
has  formed  on  the  surface  of  the  bath,  it  is  pieroed  with  a  ihot 
iron,  and  the  internal  portions  which  stiU  exist  in  the  liquid  state 
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are  run  out.  By  operating  in  this  way,  ciystalfl  of  conaiderable 
size,  though  rarely  possessing  sharp  and  well-defined  edges,  will 
be  found  lining  the  cavity  from  wmcb  the  fluid  metal  has  been 
removed.  Tin  may  likewise  be  deposited  from  its  solutions  in  a 
crystalline  state,  by  electric  agency,  and  is  by  this  means  obtaiued 
in  the  form  of  elongated  and  very  brilliant  prisms,  of  which  the 
exact  relations  have  not  been  accurately  determined. 

The  tin  of  commerce  is  never  quite  pure,  but  is  contaminated 
by  the  presence  of  various  other  bodies,  and  particularly  arsenic. 
Ix)  obtam  it  in  a  state  of  chemical  purity,  granulated  tm,  or  tin- 
filings,  may  be  oxidised  by  an  excess  of  mtric  acid,  and  the  result- 
ing stamiic  acid  washed  first  with  hydrochloric  acid,  and  sub- 
sequently with  water. 

The  peroxide  of  tin  thus  obtained  is  now  reduced  to  the 
metallic  state  by  being  subjected  to  a  low  white  heat  m  a  closed 
crucible  lined  with  charcoal.  If  pure  water,  instead  of  hydro- 
chloric acid,  be  used  for  washing  the  peroxide,  it  is  liable  to  retain 
traces  of  copper  held  in  combination  oy  the  stannic  add. 

Tin  is  not  usually  affected  by  exposure  to  the  air  at  ordinary 
temperatures,  but  when  fused  its  surface  is  rapidly  covered  with  a 
pelhcle  of  a  greyish  colour,  consisting  of  a  mixture  of  the  protoxide 
of  the  metal  with  stannic  acid. 

This  oxidation  of  tin  proceeds  with  much  greater  rapidity  at 
more  elevated  temperatures,  and  when  heated  to  whiteness  be- 
comes so  active  as  to  be  attended  with  distinct  combustion, 
accompanied  by  a  strong  white  flame.  At  a  red  heat  it  is  oxidised 
by  contact  with  watery  vapour,  and  is  rapidly  converted  into  the 
peroxide  with  the  evolution  of  hydrogen  gas. 

It  is  dissolved  in  concentrated  hydrocnloric  acid,  with  the  pro- 
duction of  hydrogen  gas.  Similar  results  are  obtained  when  it  is 
acted  on  by  warm  dilute  sulphuric  acid,  but  the  action  is  in  this 
ease  extremely  slow.  Concentrated  sulphuric  acid  acts  energeti- 
cally on  metallic  tin,  with  the  formation  of  sulphate  of  the  pro- 
toxide, and  the  evolution  of  sulphurous  acid  gas.  Nitric  acid 
readily  oxidises  tin,  and  converts  it  into  stannic  acid.  K  the  acid 
wnployed  be  moderately  concentrated,  large  quantities  of  deutoxide 
of  nitrogen  are  evolved.  When,  however,  very  dilute  acid  is  used, 
the  oxidation  is  slowly  effected,  and  no  gas  is  given  off,  since  by 
the  mutual  decomposition  of  the  metal  and  nitric  acid,  peroxide  of 
tin  and  nitrate  of  ammonia  are  simultaneously  produced.  1£  a 
fragment  of  metallic  tin  be  placed  in  a  vessel  containing  mono- 
hydrated  nitric  acid,  that  is,  acid  at  its  utmost  state  of  concen- 
tration, it  is  not  in  the  slightest  degree  acted  on,  but  retains  its 
brilliancy  of  sur&ce  as  perfectly  as  if  merely  exposed  to  atmos- 
pheric influences.    On  the  ad£tioDy  hawever,  of  a  few  drops  of 
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water,  a  violent  action  on  the  metal  is  instantly  set  up,  and  a 
large  portion  of  the  liquid  is  frequently  carried  over  the  sides  of 
the  vessel  by  the  rapia  escape  of  the  gases  evolved.  Tin  is  like- 
wise readily  attacked  by  aqua  regia,  which,  if  the  hydrochloric 
acid  be  in  excess,  gives  rise  to  the  formation  of  a  perchloride  of 
the  metal. 

Water  is  decomposed  by  tin  in  the  presence  of  the  fixed  alka- 
lies ;  as,  on  heating  this  metal  in  a  concentrated  solution  of  either 
potash  or  soda,  hydrogen  gas  is  evolved,  and  a  stannate  of  the 
base  obtained. 

OBES  OP  TIK. 

•xlde  of  Tin ;  Etain  oxydi :  Zinnstein, — The  tin  of  commerce 
is  exclusively  obtained  from  the  native  oxide  of  that  metal,  which 
belongs  almost  exclusively  to  the  primitive  formations,  and  is 
chiefly  met  with  in  veins  traversing  granite,  gneiss,  and  mica 
elate.  Oxide  of  tin  belongs  to  the  right  prismatic  system,  and 
has  a  specific  gravilr^  varying  from  6*3  to  7*1.  Its  colour  is 
usually  brown  or  blacK,  but  sometimes  red,  grey,  white,  or  yellow. 
It  has  an  imperfect  conchoidal  fracture,  a  grey  streak,  and  a 
highlv  adamantine  lustre. 

when  pure,  this  mineral  consists  of  tin  78*62,  oxygen  21*38. 
It  is,  however,  frequently  associated  with  other  metals,  and  often 
contains  arsenic,  a  little  oxide  of  iron,  and,  more  rarely,  oxide  of 
columbium. 

A  specimen  of  oxide  of  tin  from  Cornwall,  analysed  by  Klaproth, 
gave  tne  following  results : — 

Tin 77*50 

Oxygen     ....  21*50 

Oxide  of  iron      .    .  0*25 

SiHca 0*75 


10000 


The  composition  of  this  mineral,  as  weU  as  that  of  artificial 
stannic  acid,  may  be  expressed  by  the  formula  SnO«.  The  most 
commonly  occurring  crystals  are  square-based  prisms  terminated 
by  four  triangular  faces,  which  ma^  be  more  or  less  modified 
on  their  edges  and  angles.  It  sometimes  also  affords  modifications 
which  give  rise  to  the  formation  of  eight  terminal  planes  at  each 
summit,  which  m&j  also  be  themselves  modified. 

Peroxide  of  tin  very  frequently  likewbe  affords  crystals 
curiously  grouped  together. 

Oxide  of  tin  is  infusible  when  heated  alone  before  the  blow* 
pipe,  and  is  not  readily  reduced  to  the  metallic  state  without  the 
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aid  of  fluxes.  It  is  also  insoluble  in  acids ;  but  when  heated  on  a 
charcoal  support,  with  the  addition  of  carbonate  of  soda,  readily 
affords  minute  globules  of  metal. 

Cornwall  is  one  of  the  most  productive  localities  of  this 
mineral,  where  it  occurs  associated  with  copper  and  iron  pyrites, 
wolfram,  topaz,  mica,  talc,  and  tourmaline,  together  with  axinite, 
and  other  silicates.  Tin  mines  are  also  worked  in  Saxony,  Austria, 
and  Bohemia,  at  Malacca^  Pegu  in  China,  and  especially  the 
Island  of  Banca  in  the  East  Inmes,  from  whence  large  quantities 
are  annually  imported  into  this  country.  This  oxide  also  occura 
in  Ghilicia,  Spain ;  at  Dalecarlia  in  Sweden ;  in  the  Department 
of  the  Haute  Yienne  in  France.;  in  Greenland,  Bussia,  Brazil, 
Mexico,  Chili,  and  the  United  States  of  America. 

Tin  Pyrttes;  Etain  9ul/ur^;  Zinnkies,  —  This  mineral  has 
hitherto  been  only  found  in  a  crystalline  state  in  Huel  Bock  Mine, 
in  the  parish  of  St.  Agnes,  Cornwall;  from  whence  cubical 
crystals,  possessing  cleayages  parallel  to  the  faces  of  the  primitive 
form,  have  occasionally  been  obtained.  Tin  pyrites  is  of  a 
yellowish  grey  colour,  and  has  a  strong  metallic  lustre :  it  com- 
monly occurs  in  granular  amorphous  masses,  and  has  a  specific 
gravity  of  4*35.  It  affords  a  black  streak,  and  presents  an  uneven 
firacture.  When  heated  before  the  blowpipe,  sulphuret  of  tin 
ftises  into  a  black  slag,  which  is  extremely  Afficult  of  reduction. 
It  is  soluble  in  nitric  acid,  with  evolution  of  nitrous  acid  fumes, 
and  affords  on  subsidence  an  abundant  white  precipitate  of 
peroxide  of  tin.  Two  analyses  of  this  substance  yielded  the 
following  results : — 


Eudernatfloh. 

Kkproth. 

Tin  .    - 

,    .    25-55     .     . 

.     .     26-5 

Copper 

.     .    29-39    . 

.     .     80-0 

Iron 

.     .     12-44    .    . 

.     .     12-0 

Sulphur 

.    .    29-64    .     , 

.     .    80-5 

97-02  99-0 

The  composition  of  this  mineral,  as  £Eir  as  concerns  the  state  of 
combination  of  its  elements,  is  still  to  a  certain  extent  uncertain; 
although  it  would  appear  to  be  a  sulphuret  in  which  the  ra^o  of 
the  suJ^hur  to  the  whole  of  the  metals  present  is  as  1  :  1,  and 
may  be  consequently  expressed  by  the  formula  (SnCuEe)S.  This 
mineral  does  not  occur  m  sufficient  quantity  to  admit  of  being 
metallurgically  treated,  aod  cannot,  therefore,  be  reganded  as  an 
ore  of  tin. 

McchaiUffal  Preparation  of  Tin  Sres. — The  tin  ore  of  commerce 
IB  found,  either  in  regular  veins  or  lodes,  or  in  stockwerks,  which 
are  reunions  of  numerous  small  veins  frequently,  crossing^  each 
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other  in  all  directions.  When  the  ore  occurs  in  lodes,  it  is 
extracted  and  brought  to  the  surface  by  the  methods  described  in 
the  chapter  devoted  to  the  explanation  of  these  operations ;  but 
the  stockwerks,  or  minute  metalliferous  yeans,  which  frequently 
traverse  granite  and  the  feldspar  porphyry,  called  in  the  W  est  of 
England  elvan,  are  sometimes  removed  by  large  open  workings,  as 
at  Carclaze  Mine,  in  the  neighbourhood  of  St.  Austell,  foom  which 
larae  quantities  of  tin  were  formerly  extracted  by  this  method. 

The  principsJ  tin  mines  of  the  West  of  England  are  grouped  in 
three  separate  districts — namely,  in  the  south-western  part  of 
Cornwall,  beyond  Truro;  in  the  immediate  neighbourhooa  of  the 
town  of  St.  Austell ;  and  in  the  vicinity  of  Tavistock,  in  the 
county  of  Devon.  The  ore  extracted  from  mines  is  commonly 
much  disseminated  in  the  gangue  by  which  it  is  accompanied,  and 
consequently  requires  to  be  reduced,  to  a  very  fine  powder  before 
it  can  be  separated  firom  the  earthy  impurities. 

From  the  high  specific  gravity  of  oxide  of  tin,  its  purification  ia» 
however,  readuy  efiected,  as,  from  this  circumstance,  it  is  but 
little  liable  to  be  carried  off  by  the  washings  to  which  it  is  sub- 
jected, and  therefore  admits  of  being  .almost  completely  separated 
from  the  various  lighter  bodies  with  which  it  is  intermixed.  The 
sulphurets  and  arseniurets  which  are  found  in  veins  producing  tin 
ore  do  not  admit  of  being  readily  eliminated  by  this  treatment, 
as,  from  their  high  densities,  they  are  liable  to  remain  mixed  with 
the  ore  at  l^e  dose  of  these  operations.  This  difficulty  i6  rem^ 
died  by  a  .gentle  calcination  and  rewashing  of  the  ores,  as  the 
oxide  .of  tin  remains  unaffected  when  moderately  heated,  whilst 
the  .associated  sulphurets  and  arseniurets  are  decomposed,  and 
their  gravity  thereby  so  diminished  as  to  admit  of  their  ready 
separation  when  again  exposed  to  the  action  of  a  current  of 
water. 

On  arriving  at  the  surface,  the  ore,  or  work,  is  cleansed  from  the 
adhering  clay  and  dirt  by  being  placed  beneath  a  small  stream  of 
water,  by  which  the  lighter  portions  are  carried  off  in  suspension. 
The  ore,  for  this  purpose,  is  sometimes  placed  on  an  iron  grating 
beneath  a  fall  of  water,  and  is  moved  about  with  a  large  rake,  to 
facilitate  the  operation.  The  ore,  after  being  thus  deansed,  is 
spaled,  or  broken  with  large  hammers  into  pieces  of  from  itTWO  to 
three  pounds  in  weight;  and  these  ai^  subsequently  divided, 
according  to  their  richness,  into  three  distinct  classes. 

The  first,  which  is  cojmposed  of  the  richest  and  purest  frag- 
ments, is  called  best  work,  and  is  reserved  for  a  separate  mechanical 
preparation.  The  second  class  includes  those  portions  which, 
although  less  rich,  and  .contaminated  with  a  larger  amount  of 
impurities,  may,  notwithstanding,  be  treated  with  advantage.    The 
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third  division  consists  of  the  entirely  sterile  pieces,  which  are 
chiefly  composed  of  stony  gangue,  and  of  iron  and  arsenical 
pyrites.  When  lodes  at  the  same  time  yield  ores  of  both  copper 
and  tin,  they  are  as  far  as  practicable  separated  during  the  sorting 
above  described,  and  thus  give  rise  to  the  formation  of  one  or 
more  additional  classes. 

The  ore  is  now  stamped,  or  reduced  to  a  more  or  less  minutely 
divided  powder,  under  a  series  of  heavy  iron  pestles,  moved  either 
by  steam  or  hydraulic  power.  The  size  of  the  fragments  of  sand 
produced  is  regulated  by  the  dimensions  of  the  holes  pierced  in 
pieces  of  thin  sheet  iron  inserted  in  front  of  the  stamp  cistern, 
and  through  which  the  pulverised  mineral  from  the  mill  is  carried 
by  a  strong  current  of  wat^er  admitted  into  the  stamps  case  for 
that  purpose.  The  bottoms  of  the  troughs  are  formed  of  siliceous 
rocks,  ^uAj  beaten  into  the  earth  by  the  action  of  the  pestles ; 
and  the  ore,  on  issuing  from  the  stamps,  is  carried  into  a  series  of 
basins,  in  the  first  of  which  the  richer  and  coarser  fragments  are 
deposited,  whilst  the  poorer  and  more  finely  divided  portions  aie 
collected  in  other  reservoirs. 

The  rougher  particles  are  washed  and  concentrated  in  buddies 
and  tossing  tubs,  and  the  slime,  or  more  finely  powdered  sand,  in 
trunks,  and  on  the  rack. 

When  the  ores  have  by  these  means  become  sufficiently  con- 
centrated, they  are  removed  to  the  burning-house,  where  the 
sulphurets  and  arseniurets  are  decomposed  by  being  roasted  in 
properly  constructed  reverberatory  furnaces.  These  are  from 
12  to  15  feet  in  length,  and  from  7  to  9  in  width.  The  hearth  is 
horizontal ;  and  the  arch,  which  is  about  2  feet  in  height  in  the 
neighbourhood  of  the  fire-bridge,  sinks  gradually  towards  the 
chimney.  This  arrangement  is  provided  with  but  one  opening, 
closed  by  an  iron  door  placed  at  tne  extremity  of  the  sole  furthest 
removed  from  the  grate,  and  immediately  under  a  brick  hood, 
by  which  the  sulphurous  and  arsenical  fumes  are  directly  carried 
off  into  the  chimney,  without  any  annoyance  or  injury  to  the 
workmen. 

In  connection  with  the  flues  of  these  furnaces  are  large  con- 
densing chambers,  in  which  the  arsenious  acid  is  deposited  in  a 
crystalSne  form.  This  is  subsequently  purified  by  a  second 
sublimation,  in  order  to  convert  it  into  the  white  arsenic  of 
commerce. 

From  six  to  ten  cwts.  of  ore  constitute  a  charge  for  one  of  these 
furnaces,  and  this  requires  from  twelve  to  eighteen  hours,  according 
to  the  amount  of  pyrites  present,  before  it  is  sufficiently  roasted. 
The  charging  of  the  furnace  is  effected  by  a  small  iron  hopper 
placed  in  the  centre  of  the  brick  dome ;  and  as  soon  as  the  proper 
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quantity  of  ore  has  been  introduced,  it  is  regularly  spread  over  the 
surface  of  the  sole,  and  the  working  door  inunediately  closed.  At 
the  commencement  of  the  operation  the  heat  is  very  gradually 
raised  until  it  reaches  dull  redness,  at  which  temperature  it  is 
afterwards  kept  durmg  several  successive  hours.  At  proper 
intervals  during  the  process  of  calcination,  the  door  is  opened,  and 
%he  mineral  moved  about  with  an  iron  rake,  so  as  to  expose  a  new 
surface  to  the  action  of  the  heated  air  passing  through  the  funiace. 
When  much  pyrites  is  present  in  the  ore,  great  care  is  required  at 
the  commencement  of  the  operation  to  so  moderate  the  tempera* 
ture  as  to  prevent  its  aggregation  into  large  masses. 

Wh^n  the  ore  has  been  sufficiently  roasted,  which  is  indicated 
by  its  ceasing  to  exhale  white  fumes,  an  iron  plate  fitted  into  the 
floor  of  the  fiimace  is  removed,  and  the  charfi;e,  whilst  still  red 
hot,  is  raked  through  the  aperture,  and  faUs  into  an  arched 
chamber  placed  beneath,  where  it  is  allowed  to  cool.  The  calcined 
ore  is  now  again  subjected  to  the  process  of  washing ;  and  the 
impurities,  which  have  been  mostly  decomposed  and  transformed 
into  peroxide  of  iron,  are,  from  their  reduced  specific  gravity, 
readily  removed.  "When  the  original  ore  is  much  contaminated 
by  copper  pyrites,  it  is,  after  being  carefiilly  roasted,  often  allowed 
to  remain  Tor  some  time  exposed  to  the  atmosphere  previous  to 
being  again  washed,  as  the  sidphurets  present  are  by  that  means 
partiall^r  oxidised  and  converted  into  sulphates,  which,  beins 
soluble  in  water,  are  readily  removed.  If  tin  ores  contain  much 
copper,  it  is  usual  to  place  them,  after  their  removal  from  the 
burning-house,  in  a  vessel  containing  dilute  sulphuric  acid,  by 
which  the  copper  is  readily  dissolved,  whilst  the  oxide  of  tin 
remains  unaffected.  Aft;er  this  treatment  with  sulphuric  acid,  the 
ore  is  washed  in  pure  water,  and,  under  the  name  of  biack  tin^  is 
ready  to  be  transferred  to  the  smelter.  In  some  of  the  Cornish 
mines  the  tin  ore  is  associated  with  wolfram  (a  double  tungstate 
of  iron  and  manganese),  which,  from  its  great  specific  gravity, 
cannot  by  any  mechanical  means  be  separated  from  the  oxide  of 
tin.  The  presence  of  this  mineral  is  therefore  extremely  prejudi- 
cial, as  it  exerts  a  veiy  unfavourable  influence  on  the  qualify  of 
the  metal  produced.  Until  recently,  no  convenient  method  for 
the  separation  of  these  bodies  had  been  employed ;  but  by  the 
process  lately  patented  by  Mr.  Oxland,  this  is  readily  and  com- 
pletely efiectecL  Por  this  purpose,  the  mixture  of  tm  ore  and 
wolfram  is,  with  a  little  carbonate  of  soda,  heated  to  redness  in  a 
leverberatoiy  fiimace,  when  tungstate  of  soda  is  formed,  and  the 
oxides  of  iron  and  manganese  are  liberated.  The  tungstate  of 
soda,  which  is  a  soluble  salt,  is  readily  removed  by  water,  and, 
after  crystallisation,  may  be  employed  by  calico  printers  as  a 
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mordant.  The  oxide  of  iron,  and  other  impurities,  are  subde> 
quentlj  separated  from  the  lixiviated  ores  hj  washing,  as  above 
described. 

When  tin  ore  is  found  in  alluvial  deposits,  as'  in  the  Vallej  of 
Pentewan,  and  other  localities  in  Cornwall  and  elsewhere,  it  is 
extracted  by  a  series  of  open  workings  called  stream-works. 

The  stanniferous  deposits  in  these  situations  occur  in  the  form 
of  regular  beds  or  floors,  in  which  the  oxide  of  tin*  is  associated 
with  coarse  sand  and  numerous-  pebbles,  which  have  apparently 
been  rounded  by  the  action  of  water.  GNiese,  together  with  the 
associated  sands,  are  washed'  under  a  current  of  water  in  a  large 
wooden  box  called  a  griddle,  and  the  metallic  fragments  classed 
in  accordance  with  the  amount  of  metal  which  they  respectivdy 
contain. 

The  different  clas8es,--except  the  first,,  prills,  which  are  suffi- 
ciently rich  to  be  at  once  treated  for  the  metal  they  contain, — are 
stamped  and  concentrated  by  the  usual  routine  of  washing. 

Stream  tin  is  always  much-  purer,  and  consequently  more 
valuable,  than  that  obtained  diroctly  from  mines,  as,  oy  long 
exposure  to  air  and  moisture,  the  pyrites  with<  which  it  was  origi- 
nally mixed  has  become  oxidised  and  carried  off  in  solution. 


XSTIMATIOK  OF  THP — S'EPAItA.TIOir  FBOM  OTHEB  METAI.S. 

This  metal,  although- it  is  sometimes  precipitated  in  the  form  of 
suiphuret,  is  invariably  estimated  in  the  state  of  stannic  acid.  The 
sulphuret  is  transformed  into  peroxide  by  being  roasted  in  a  small 
porcelain  crucible  until  the  whole  of  the  sulphur  has  been  expelled : 
a  few  drops  of  nitric  acid  are  then  added,  and  the  crucible  and  its 
contents  again  heated  to  redness.-  Tin  is  readily  separated  from 
the  earths,  as  also  from  zinc  iron,  cobalt  and  nickel,  by  sulphu- 
retted^ hydrogen.  Por  this  purpose  the  solution  should  be  so 
made  in  hydrochloric  acid  as  to  form  a  protochloride,  through 
which  the  sulphuretted  hydrogen  gas  is  passed  in  large  excess. 
When  the  Hquor  contains  in  solution  a  sufficient  amount  of  hydro- 
chloric acid,  the  beaker  in  which  it  is  contained  is  covered  with  a 
glass  plate  and  allowed  to  remain  in  a  warm  place  until  the  whole 
of  the  sulphide  has  been  deposited.  This  is  now  separated  by 
filtration,  and  converted  into  peroxide  of  tin  by  exposure  to  heat 
and  the  addition  of  a  few  drops  of  nitric  acid.  When  copper  is 
also  present,  which  is  frequently  the  case  in  tin  ores,  these  two 
metals  will  be  precipitated  together  by  the  sulphuretted  hydrogen; 

'  Stannic  acid  contains  78*61  per  cent,  of  metallic  tin. 
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and  to  effect  their  separatioii,  the  mixed  sulphurets  must  after 
calcination  be  treated  by  nitric  acid,  which  transforms  the  tin 
into  the  insoluble  peroxide,  whilst  the  copper  is  converted  into  a 
soluble  nitrate.  Aller  filtration  &om  the  insoluble  stannic  acid, 
the  copper  may  be  precipitated  and  estimated  according  to  the 
methoa  described  when  treating  of  that  metal. 

The  analysis  of  tin  ores,  and  particularly  the  separation  of  that 
metal  from  silica,  is  best  effected  by  the  following  method,  for 
which  we  are  indebted  to  Professor  L.  E.  Bivot,  of  the  Ecole  des 
Mines.  The  mixture  of  tin  ore  and  its  siliceous  gangue  is  first 
finely  pulverised,  and  afterwards  heated  to  redness,  in  order  to 
expel  any  hygroscopic  water  which  may  be  present.  It  is  then, 
after  being  weighed,  placed  in  a  small  porcelain  trough,  and  intro- 
duced into  a  tube,  either  of  porcelain  or  hard  German  glass*, 
heated  by  a  gas  flame  or  a  cnarcoal  fire.  A  current  of  dry 
hydrogen  gas,  furnished  by  an  apparatus  applied  to  one  of  its 
extremities,  is  now  made  to  slowly  traverse  the  tube,  care  beinff  at 
the  same  time  taken  to  avoid  any  loss  of  the  matter  operated- on 
by  the  mechanical  action  of  the  gaseous  current.  When  the 
apparatus  has  been  thus  arranged,  the  tube  is  heated  to  duU 
redness,  and  the  reduction  of  the  oxide  of  tin  takes  place  very 
rapidly.  After  having  allowed  the  mixture  to  cool  down  to  tlie 
temperature  of  the  surrounding  air  in  an  atmosphere  of  hydrogen 
gas,  the  trough  and  its  contents  are  removed  from  the  tube,  when 
the  ore,  unless  it  has  been  too  highly  heated,  wiU  be  found  in  the 
form  of  a  grey  powder,,  without  any  admixture  of  metallic 
globules.  If  the  mixture  operated  on  consist  entirely  of  tin  and 
silica,  it  may  now  be  again,  weighed ;  and  from  the  loss  expe- 
rienced, which  coroesponds  to  the  amount  of  oxygen  combined 
with  the  tin,  may  be  deduced  with  tolerable  accuracy  the  weight 
of  that  metal  present.  As,  however,  any  error  of  weight  in  the 
oxygen  would  be  considerably  multiplied  with  regard  to  the  metal 
with  which  it  was  combined,  the  metallic  tin  may  be  dissolved^  in 
aqua  regia  containing  a  large  excess  of  hydrochloric  acid,  and  the 
residua]  silica  collected  on  a  filter,  dried,  and  again  weighed,  when 
the  loss  will  represent  the  amount  of  oxide  of  tin  originally 
present ;  and  from  tins  may  be  readily  calculated  the  per-centage 
of  the  metal  itself. 

When  other  substances,  such  as  iron  and  copper,  are  present  in 
the  ore,  the  weight  of  the  tin  cannot  be  determined  either  by  the 
amount  of  oxygen  abstracted,  or  by  that  of  the  residual  silica. 
Although  the  weight  of  the  siliceous  gan^e  can  be  thus  ascer- 
tained, the  tin  must  be  separated  from  the  other  metals  in  the 
solution,  and  estimated  as  peroxide  by  the  usual  methods  of 
analysis.     One  great  advantage  of  this  method  consists  in  its 
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affording  a  ready  means  of  separating  oxide  of  tin  from  its  sili* 
ceous  gangue,  which,  by  the  usual  processes,  is  an  extremely 
difficult  and  complicated  operation. 


ASSAY  OP  TIK  OSES. 

Oxide  of  tin,  although  completely  reduced  by  charcoal  at  a 
white  heat,  has  such  a  strong  affinity  for  silica  that  the  highest 
temperature  which  can  be  obtained  from  a  wind  fiimace  is  neces- 
sary for  their  separation.  Eor  this  reason  all  tin  assays  should 
be  made  in  lined  crucibles,  and  at  the  temperature  employed  for 
those  of  the  ores  of  iron.    If  a  tin  ore,  with  the  addition  of  a 

S roper  quantity  of  some  reducing  flux,  were  subjected  to  the 
egree  of  heat  employed  in  an  ordinary  assay  of  copper  ore,  a 
portion  only  of  the  metal  would  be  obtained,  and  a  large  quantity 
of  unreduced  oxide  would,  in  combination  with  silica,  be  retained 
in  the  slags.  If  the  proportion  of  silica  be  large  in  comparison 
with  that  of  the  oxicie  of  tin,  but  little  metal,  if  any,  will  be 
obtained;  although  the  ore,  when  judiciously  treated,  may,  in 
the  large  way,  be  capable  of  being  worked  with  considerable 
advantage. 

Before  proceeding  to  the  assay  of  a  tin  ore,  it  is  necessary  to 
free  it,  as  far  as  possible,  from  the  siliceous  sangue  with  which  it 
is  associated ;  and  this  is  effected  by  a  somewhat  similar  treatment 
to  that  by  which  its  purification  and  concentration  are  conducted 
on  the  large  scale.  With  this  view,  the  pulverised  mineral  is 
roasted  with  a  small  quantity  of  powdered  charcoal,  and  after* 
wards  washed  in  an  evaporating  basin,  or  some  other  convenient 
vessel,  until  all  the  lighter  substances  with  which  it  was  associated 
have  been  removed.  In  the  Cornish  tin  mines  a  large  sharp- 
pointed  shovel  is  employed  for  this  purpose;  and,  after  each 
successive  washing,  the  heavier  portions  remaining  in  the  shovel 
are  still  i^irther  reduced  in  size  by  the  use  of  a  large  hammer,  of 
which  the  faces  are  slightly  rounded  and  well  polished.  The 
object  of  the  roasting  in  these  manipulations  is  to  decompose  the 
pyrites,  and  other  arsenical  substances  present,  and  which,  from 
their  greatly  reduced  specific  gravity,  are  then  readily  removed  in 
suspension  by  the  water  by  which  the  washing  is  effected.  In 
some  metallurgic  laboratories,  and  particularly  in  that  of  the 
Ecole  des  Mines  at  Paris,  a  kind  of  small  hand  shaking-table, 
called  an  augette,  is  employed  for  this  purpose ;  but  equally  satis- 
factory results  may  be  obtained  by  the  skilful  use  of  an  ordinaiy 
porcelain  evaporating  basin.  Instead  of  resorting  to  these 
mechanical  contrivances,  the  removal  of  the  sulphuret  of  iron 
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and  arsenical  pyrites  may  be  much  more  thoroughly  and  expe- 
ditiously obtained  by  boiling  the  pulverised  ore  for  a  short  time 
with  a  slight  excess  of  nitro-hydrochloric  acid,  by  which  these 
substances  are  readily  and  completely  dissolved,  whilst  the  native 
peroxide  of  tin  remains  unattacked.  When  all  chemical  action 
on  the  ore  has  ceased,  water  is  added,  and  the  residue  thrown  on 
a  filter,  where  it  is  carefully  washed.  After  having  been  allowed 
to  dry,  the  residue  is  next  removed  firom  the  filter,  and  calcined 
in  an  open  crucible  with  a  wide  mouth,  for  the  purpose  of 
removing  any  small  quantities  of  sulphur  which  may  resmt  fi*om 
the  decomposition  of  the  pyrites  originally  present  in  the  mineral. 
The  ore,  after  being  thus  prepared,  either  by  washing  only,  or  by 
washing  aided  by  an  attack,  is  reduced  in  a  lined  crucible,  and  at 
the  same  temperature  as  that  at  which  iron  assays  are  conducted. 
The  nature  and  proportions  of  the  fluxes  employed  will  necessarily 
depend  on  the  amount  and  composition  of  the  gangue  with  whicn 
the  ore  is  associated;  but,  as  this  is  in  most  instances  highly 
siliceous,  carbonate  of  soda  and  fused  borax  may  be  always 
employed  with  advantage.  Por  ores  of  moderate  purity,  from 
30  to  40  per  cent,  of  a  mixture  of  equal  parts  of  borax  and  car- 
bonate of  soda  will  be  found  to  answer  extremely  well ;  and  equally 
good  results  are  obtained  by  the  addition  of  40  per  cent,  of  a 
flux  composed  of  three  parts  of  carbonate  pf  soda  and  one  part  of 
finely  powdered  lime. 

For  the  estimation  of  this  metal  when  occurring  in  extremely 
poor  ores,  and  particularly  in  the  slags  obtained  from  furnaces 
m  which  its  metallurgic  treatment  is  conducted,  the  method  of 
M.  Bivot  is  eminently  adapted,  and  is  perhaps  the  only  process 
by  which  the  exact  amount  of  tin  existing  in  the  poorer  slags  can 
be  readily  ascertained. 


ITETALLUBOT  OF  TUf. 

The  metallurgic  treatment  of  tin  ores  is  conducted  by  two 
diflbrent  methods.  By  the  first  the  reduction  is  effected  in  a 
reverberitory  furnace  fired  with  common  pit  coal,  and  in  which 
the  ores  operated  on  are  mixed  with  a  proper  amount  of  powdered 
anthracite  or  other  carbonaceous  matter.  By  the  second  process 
the  oxide  of  tin  is  reduced  in  a  small  blast  furnace,  fovmeau  d 
manche,  which  is  supplied  with  a  current  of  air,  either  by  bellows 
or  blowing  cylinders,  and  in  which  wood-charcoal  is  the  only  fuel 
employed.  This  method  is  merely  applied  to  stream  tin,  and  in 
sucn  cases  only  in  which  extremely  pure  metal  is  required.  The 
establishments  in  which  the  reverberatory  furnaces  are  employed 
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are  called  smeltmg-houses,  and  those  in  which  the  latter  proden 
is  used  are  known  by  the  name  of  blowing-houses. 


TIK-BHELTUrG  IS  THE  BEYZSBEBATOBT  VXTEITACE. 

The  metallurgic  treatment  of  this  metal  in  the  reyerberatoij 
furnace  includes  two  distinct  operations — smelting  and  refining. 
The  furnace  in  which  the  first  of  these  processes  is  conducted 
is  represented  by  the  following  woodcuts,  of  which  fig.  158 
is  a  yertical  section,  and  fig.  159  a  ground  plan,  a,  is  the  Ore- 
door  by  which  coal  is  supplied  to  the  grate  6;    c,  is  the  door 
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by  which  the  ore  is  introduced  on  the  hearth  d;  df,  is  the  working 
door  farthest  removed  from  the  grate ;  e,  is  a  hole  sometimes  left 
in  the  crown  of  the  vaulted  roof  for  the  purpose  of  introducing  a 
current  of  air  so  as  to  carry  the  fumes  mto  the  chimnev  durmg 
the  skimming  of  the  slags  from  the  metallic  bath;  o  is  an  air 
channel  for  admitting  cold  air  beneath  the  hearth  and  through 
the  fire-bridge,  in  order  to  prevent  their  becoming  too  higUy 
heated  during  the  progress  of  the  operation ;  ^,  is  an  external 
basin  into  which  the  melted  metal  is  drawn  off;  A,  is  the  flue ; 
and  if  the  chimney,  which  should  be  from  forbr  to  fifty  feet  in 
height.  The  roasted  and  washed  ore  is  mixed,  previous  to  its 
introduction  into  the  furnace,  with  pulverised  anthracite,  and  a 
small  quantil^  either  of  slaked  lime  or  fluor  spar,  which  serves  as  a 
flux  for  the  siliceous  impurities  present.  Each  charge  consists  of 
from  20  to  25  cwts.  of  ore,  containing  from  60  to  65  per  cent,  of 
metal. 

First  Operations — Before  the  introduction  of  the  ore  into  the 
furnace,  it  is  carefully  mixed  with  about  l-8th  of  its  weight  of 
pulverised  coal  or  anthracite,  and  a  little  slaked  lime,  or  fluor 
spar,  is  added  to  fiacilitate  the  fusion  of  the  siliceous  gangue. 
The  charge  is  also  slightly  sprinkled  with  water,  for  the  double 
purpose  of  rendering  it  more  easy  to  charge,  and  likewise  to 
prevent  any  portion  frt)m  being  carried  off  mechanically  by  the 
draught  into  the  flues.  The  charge  varies  with  the  dimensions  of 
the  furnace,  within  the  limits  already  mentioned,  and  the  heat  is 
gradually  raised.  During  the  first  six  or  eight  hours  the  doors  are 
all  kept  closely  shut,  and  the  contents  of  the  furnace  are  conse- 
quently not  stirred.  At  the  expiration  of  this  time  the  reduction 
of  the  oxide  is  complete,  and  the  door,  d*,  at  the  extremity  of  the 
longer  axis  of  the  furnace,  is  removed,  and  the  melted  mass 
wo^ed  up  with  a  long  iron  paddle,  in  order  to  separate  the  metal 
from  the  slags,  and  to  ascertain  how  fax  the  reduction  has  become 
advanced. 

When  this  is  judged  to  be  complete,  the  scoris  are  carefully 
withdrawn  from  tne  surface  of  the  metallic  bath  bv  an  iron  rake, 
and  removed  by  the  door,  d\  to  the  floor  of  the  building,  where 
they  are  subsequentlv  divided  into  three  classes.  The  slags  of 
the  first  class,  a,  which  constitute  about  three-fourths  of  the 
whole  weight  produced,  are  as  free  from  metal  as  it  is  possible  to 
make  them,  and  are  conseauently  rejected  as  being  of  no  further 
use.  Those  of  the  secona  class,  6,  are  mechanic^y  mixed  with 
about  five  per  cent,  of  tin,  in  the  form  of  small  metaUic  globules, 
which  are  afterwards  extracted  by  crushing  the  scoria  under  a 
stamping  mill,  and  separating  by  washing  the  metallic  granules 
from  the  semi- vitreous  matter  with  which  it  was  associated.  The 
slags  constituting  the  third  division,  c,  are  much  smaller  in  quan- 
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tily  than  either  of  the  two  former  clasBes,  and  cansist  of  those 
scoriffi  which  are  last  removed  by  the  rake  from  the  surface  of  the 
metal  preyioua  to  tapping  into  the  exterior  basin.  This  is 
extremely  rich  in  metallic  globules,  and  likewise  contains  some 
combined  stannic  acid :  it  is  set  aside  to  be  remelted  with  the 
succeeding  charge. 

When  the  sli^  have  all  been  withdrawn,  and  the  metal  alone 
remains  in  the  furnace,  the  channel  communicating  with  the 
external  basin,  g^  is  opened  by  remoying  the  day  stopper  with  a 
pointed  iron  bar,  and  the  tin  immediately  flows  &om  the  hearth 
into  the  outer  basin,  where  it  is  allowed  to  remain  a  short  time,  in 
order  that  any  portions  of  scoria  still  adhering  to  the  tin  may, 
irom  its  less  density,  come  to  the  surface  and  be  skimmed  off. 
When  the  tin  has  sufficiently  settled  it  is  laded  into  proper  moulds, 
where  it  assumes  the  form  of  rectangular  blocks. 

The  metal  thus  obtained  is  so  much  contaminated  by  other 
metals  as  to  be  rendered  quite  unfit  for  many  purposes  for  which 
ordinary  tin  is  employed.  To  get  rid  of  these  foreign  matters, 
chiefly  consisting  of  iron,  arsenic,  copper,  and  tungsten,  together 
with  some  unreduced  oxide  of  tin,  the  crude  mei^  is  now  sub- 
jected to  a  process  of  refining. 

Second  Operation, — The  refining  of  tin  comprises  two  distinct 
operations,  the  first  of  which  is  a  liquation  conducted  in  a 
reverberatoiy  furnace  similar  to  that  in  which  the  reduction  of 
the  ore  is  effected ;  while  the  second,  which  may  be  called  the 
refining  proper,  is  characterised  by  the  metal  being  caused  to  boil 
with  great  rapidity  in  an  iron  basin,  by  the  introduction  of  billets 
of  green  wood. 

For  the  liquation,  or  first  stage  of  the  process,  the  blocks  of 
impure  tin  are  arranged  in  the  furnace  so  as  to  form  a  hollow  heap 
in  the  neighbourhood  of  the  fire-bridge,  where  they  are  gradually 
heated  to  the  point  of  fusion.  The  tin  now  melto,  and  flows  off 
the  sole  into  the  outer  basin ;  but,  after  a  time,  the  blocks  cease 
to  afford  any  more  tin,  and  a  residue  consisting  of  a  highly  ferru- 
ginous dross  remains  on  the  hearth.  Other  blocks  are  now 
charged  into  the  furnace,  and  the  operation  is  continued  until 
about  five  tons  of  metal  have  been  collected  in  the  basin.  The 
ferruginous  residue  is  afterwards  remoyed,  and  set  aside  to  be 
subsequently  treated  in  connection  with  the  stamped  and  washed 
Bcori»,  6,  of  the  smelting  furnace,  and  the  smaller  amount  of  rich 
slags,  e,  which  haye  been  remoyed  immediately  from  the  surface  of 
the  bath  before  tapping  the  metal  of  the  first  fusion  into  the 
exterior  basin  of  reception.  The  refining  proper  now  begins. 
Billets  of  green  wood  are  lowered  by  an  iron  gibbet  into  the  bath 
of  liquid  metal,  which,  from  the  rapid  eyolution  of  gas  thus  mt>- 
ducea,  is  kept  in  a  constant  state  of  yiolent  ^^^^^•^•—       **"  • 
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bringB  to  the  surface  a  kind  of  froth  chiefly  composed  of  oxide  of 
tin  and  other  oxides,  and  causes  the  more  unpure  and  denser  por- 
tions to  fSdl  to  the  bottom  of  the  basin.  This  froth  is  succes- 
sively skimmed  off,  and  again  thrown  back  into  the  furnace ;  and 
when  the  operation  is  thought  to  be  sufGlciently  advanced,  the 
green  wood  is  withdrawn,  and  the  contents  of  the  basin  allowed 
to  settle.  The  metal  now  arranges  itself  into  three  distinct 
strata,  of  which  the  upper  is  the  most  pure ;  that  in  the  middle  is 
contaminated  with  small  quantities  oi  other  metals;  while  the 
portions  which  sink  to  the  bottom  of  the  vessel  are  still  more 
impure.  When  sufiBicient  time  has  been  allowed  for  this  arrange- 
ment fiiUj  to  establish  itself,  the  different  zones  are  successively 
laded  out  into  iron  moulds.  The  blocks  first  obtained  are  evi- 
dently the  most  free  from  impurities,  and  those  taken  from  the 
bottom  of  the  pot  are  so  mixed  with  other  metals  as  usually  to 
require  to  be  a  second  time  heated  in  the  reverberatory  fiimace  in 
wmch  the  reduction  of  the  ore  is  effected. 

The  operation  of  refining  occupies  about  five  hours ;  of  which 
one  ia  required  to  fill  the  basin,  three  for  the  boiling  of  the  metal 
with  green  wood,  and  one  for  the  subsidence  of  the  bath  and  the 
easting  into  blocks. 

Instead  of  causing  an  ebullition  of  the  metal  by  the  introduc- 
tion of  billets  of  green  wood,  the  same  effect  is  sometimes  pro- 
duced by  an  operation  called  tosnng.  When  this  process  is 
employed,  the  agitation  is  caused  by  the  workmen  continually 
lifting  in  a  ladle  portions  of  melted  metal  which  they  let  fall 
from  a  considerable  height  into  the  refining  pot.  The  scum  thus 
brought  to  the  surface  is  carefidl^r  removed  by  skimming,  and 
the  metal  afterwards  allowed  sufficient  time  to  arrange  itself  in 
accordance  with  its  purity  and  density. 

Tin  is  usually  cast  into  blocks  weighing  each  about  8cwts. 
The  moulds  in  which  these  blocks  are  cast  were  formerly  made  of 
granite,  but  cast  iron  is  now  generally  employed.  The  metal  so 
moulded  receives  the  name  of  block  tin.  The  purer  varieties  are 
called  refined  tin,  and  are  chiefly  employed  in  the  manufacture  of 
tinHolate. 

Tne  treatment  of  tin  ores  gives  rise  to  two  distinct  kinds  of  stan- 
niferous residues,  which  require  to  be  again  reduced.  The  first  of 
tliese  consists  of  the  slags  b  and  c  of  the  first  operation ;  and 
the  second,  of  the  ferruginous  dross  found  at  the  bottom  of  the 
furnace  after  the  liquation  of  the  crude  tin  previous  to  refining. 

The  slag,  6,  is  stamped  in  a  mill  and  washed,  in  order  to  effect 
the  separation  of  the  metallic  globules  which  it  contains.  These 
are  added  to  the  scoriffi,  c,  in  the  state  in  which  it  is  withdrawn 
from  the  fiimace ;  and,  on  being  again  smelted,  gives  rise  to  the 
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production  of  a  certain  amount  of  tin  of  very  inferior  qnalitjr- 
The  dross  which  remains  on  the  sole  of  the  funiace  at  the  termi- 
nation of  the  process  of  liquation  is  made  to  melt  by  the  applica- 
tion of  an  increased  temperature,  and  run  off  into  a  small  haan 
totally  distinct  from  the  refining  basin  before  described.  After  it 
has  liere  been  allowed  to  subside  for  a  short  time,  the  upper 
portions  are  laded  into  blocks  as  impure  tin,  which  requires  a 
second  refining ;  whilst  a  white  brittle  alloy,  with  a  crystalline 
fracture,  adheres  to  the  bottom  and  sides  of  the  vessel.  This  is 
so  contaminated  with  tungsten  and  other  metals  as  to  be  of  little 
value.  By  this  method  rather  more  than  30  cwts.  oS  coals  are 
required  for  eveiy  ton  of  metallic  tin  produced.  . 


BMELTIKG  TUT  OBES  BY  THE  BLAST  TtJBKAOX. 

These  frimaces,  which  are  not  at  present  used  in  this  country, 
were  6  feet  in  height  from  the  bottom  of  the  concave  hearth  to  the 
throat,  by  which  the  ore  and  fuel  wero  inserted.  The  tunnel-hole 
was  placed  at  the  origin  of  a  flue,  by  which  the  metallic  dust  and 
fumes  carried  away  by  the  blast  were  conducted  into  a  chamber  at 
the  base  of  a  high  and  narrow  chimney,  through  which  the  smoke 
and  gases  generated  escaped  into  the  air.  This  chamber  was  not 
usually  placed  over  the  mouth  of  the  furnace,  but  built  behind  it  in 
such  a  way  that  the  flue  above  the  tunnel-hole  might  have  a  slightlv 
inclined  direction.  The  brickwork  of  the  furnace  was  lined  with 
an  iron  cylinder,  which  was  itself  internally  cased  with  a  coating 
of  refractory  clay,  and  had  an  opening  in  the  side  opposite  the 
charging-hole  through  which  were  inserted  two  nozzles  supplied 
by  a  cylinder  blowing-machine  set  in  motion  by  a  water-wneel. 
The  tuyeres  were  inserted  at  but  a  short  distance  from  the  sole 
of  the  furnace,  which  was  gradually  sloped  down  to  a  basin  of 
reception  of  a  circular  form,  and  of  whicn  one  part  of  the  circum- 
ference entered  beneath  the  sole  of  the  cupola,  whilst  the  other 
extended  beyond  it.  At  a  short  distance  from  thia  end,  and  at  a 
lower  level,  was  placed  a  second  basin  larger  than  the  first,  and 
from  which  the  flmd  metal  might  be  conducted  by  a  sloping  gutter. 
Near  this  basin,  and  at  a  still  lower  level,  was  formed  a  third 
reservoir,  in  which  was  conducted  the  process  of  refining.  The 
only  ftiel  employed  was  charcoal,  of  which  about  14  parts  were 
required  for  the  treatment  of  1  part  of  washed  ore.  In  smelting 
by  this  furnace  it  was  necessary  to  keep  it  constantly  filled  with  a 
proper  admixture  of  ore  and  charcoal;  and  the  reduced  metal, 
which  was  received  in  the  first  basin,  was  subsequently  run  off  into 
the  second,  in  which  it  was  allowed  to  stand  for  some  time ;  it  then 
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became  divided  by  repose  into  layers  of  different  degrees  of  purity. 
The  8cori»  formed  on  the  surface  of  the  first  basin  were  removed 
when  sufficiently  hardened,  and  then  divided  into  two  classes  for 
subsequent  treatment.  Those  containing  metallic  globules  were 
stamped  and  washed ;  whilst  those  which  retained  the  tin  in  ti^e 
state  of  combined  oxide  were  simply  broken  with  a  heavy  hammer, 
and  subjected  to  a  careful  handpickin^.  The  tin  forming  the  upper 
sones  of  the  second  basin  was  considered  sufficiently  pure  for  the 
purpose  of  refining,  and  tiierefore  laded  into  the  third  receptacle, 
where  it  was  first  subjected  to  ebullition  by  the  introduction  of 
blocks  of  green  wood,  and  subsequently  dipped  out  into  moulds. 
The  metal,  which  sunk  to  the  bottom  of  the  receiving  basin,  was 
again  laded  out  to  be  a  second  time  passed  through  the  furnace ; 
and,  when  very  impure  metal  was  obtained  by  the  first  operation, 
the  entire  charge  was  sometimes  so  treated. 

The  refining  pot  was  usually  made  of  cast  iron,  and  kept  warm 
by  a  small  fire  placed  beneath  it. 

At  the  mines  of  Erzgebirge  in  Saxony,  a  blast  furnace  of  about  tea 
feet  in  height  (figs.  160  and  161) 


is  employed.  The  sides  of  the 
trunk,  a,  are  formed  of  large 
pieces  of  sranite ;  and  the  sole 
consists  of  a  block  of  the  same 
material  hewn  into  the  proper 
shape,  and  having  a  considerable 
&11  towards  the  breast  of  the 
furnace.  The  fused  matters 
escaping  fipom  this  cavity  flow 
continually  into  the  exterior 
basin  of  reception,  6,  hollowed 
out  of  a  mass  of  granite,  and 
lined  with  a  mixture  of  clay  and 
powdered  charcoal  This  basin 
18  furnished  with  a  tapping-hole, 
by  which  its  contents  may  be 
readily  withdrawn  into  the  small 
iron  vessel,  e.  The  charcoal 
and  minersd  are  introduced  by 
successive  charges,  and  the  com- 
bustion is  accelerated  bv  a  blow- 
ing machine,  of  which  the  nozzle 
is  mtroduced  by  the  aperture,  o. 
The  slags  produced  float  on  the 
surfiioe  of  the  metal  collected  in 
the  basin,  5,  from  which  they 
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are  removed  hj  an  iron  crook  as  soon  as  tbej  have  become  snffi- 
cientlj  consolidated.  Wben  the  reserroir,  by  has  in  this  way  be- 
come filled  with  metal,  the  ti^ping-hole  is  opened,  and  its  con- 
tents are  run  into  the  yessel,  c,  where  the  process  of  refining  is 
conducted  bj  a  yigoroos  ebullition  induced  by  the  use  of  a  laargie 
pole  of  green  wood,  and  the  subsequent  subsidence  of  the  strata 
possessing  different  degrees  of  purity.  The  slags  are  divided  into 
two  classes :  the  richer  are  without  any  mechanical  preparation 
fused  with  the  succeeding  charges  of  ore ;  and  the  poorer  portions, 
after  being  stamped,  are  washed,  for  the  purpose  of  sq)arating  the 
metallio  granules  which  they  invariably  contain.  The  products  of 
combustion  are  carried  off  by  the  chimney  h. 

In  working  with  the  reverberatory  furnace  1^  tons  of  coals  are 
consumed  for  every  ton  of  tin  produced,  and  the  loss  of  metal  may 
be  estimated  at  about  five  per  cent.  By  this  process  every  ton  of 
tin. smelted  requires  for  its  reduction  l^th  tons  of  charcoal, 
whilst  the  per-centage  loss  of  metal  is  three  times  greater.  From 
this  it  is  evident  that  the  former  is  by  fiur  the  more  economical 
method  of  treatment,  although  the  metal  obtained  firom  the  blowing- 
house  is,  partly  from  the  greater  purity  of  the  ore,  and  partly  from 
the  supenor  nature  of  the  fuel,  of  better  quality  than  that  obtained 
by  the  other  process. 

Grain  tin  is  prepared  by  heating  blocks  of  that  metal  in  a 
bath  of  melted  tin ;  and,  when  the  temperature  has  been  sufB.- 
ciently  elevated  to  cause  the  block  to  assume  a  crystalline  struc- 
ture, it  is  withdrawn  from  the  bath,  and  broken  by  a  blow  from  a 
heavy  hammer. 
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ZINC. 

Equiv.  =  82-52.    Density  =  7C 

Although  the  ores  of  zinc  have  probably  been  employed  from 
remote  antiquiir  for  the  purpose  of  conyerting  copper  into  brass, 
the  metal  itself  does  not  appear  to  have  been  imown  in  this 
eoimtiy  prior  to  the  commencement  of  the  sixteenth  century ;  as 
we  find  it  first  mentioned  by  Paracelsus,  who  died  in  the  year 
1530.  Its  colour  is  blueish-white,  and  when  recently  broken,  it 
presents  a  yery  brilliant  crystalline  surface.  At  ordinary  tem- 
peratures zinc  IS  a  rather  bridle  metal,  but  when  heated  to  between 
212^  and  300^  it  becomes  both  ductile  and  malleable.  When  the 
heat  is  increased  to  about  450^  it  is  again  brittle,  and  may  at  this 
temperature  be  readily  pulyensed  in  an  iron  mortar.  *  Zinc  fuses 
at  about  773^  Fahr.,  and  when  slowl;^^  cooled,  exhibits  a  highly 
lamellar  and  crystalline  texture.  The  zinc  of  commerce  is  neyer 
chemically  pure,  but  is  inyariably  contaminated  by  yarious  other 
metals,  such  as  lead,  cadmium,  iron,  and  copper :  it  may,  howeyer, 
be  obtained  in  a  state  nearly  approaching  to  purity  by  the  follow- 
ing^ process : — ^A  fragment  of  the  pxurest  commercial  zinc  is  dis- 
sojhred  in  dilute  sulphuric  acid,  and  in  the  solution  is  placed  a  slip 
of  the  same  metaC  which  is  allowed  to  remain  for  some  hours. 
The  liquid  is  now  filtered,  decomposed  by  carbonate  of  potash,  and 
the  precij^itate,  after  bein^  well  washed,  is  heated  with  powdered 
ehamial  m  an  earthen  or  iron  retort.  The  zinc,  which  is  yolatile 
at  a  white  heat,  is  thus  distilled  oyer  into  a  yessel  of  water  placed 
beneath  for  its  reception ;  but  care  must  be  taken  that  the  neck 
of  the  retort  be  short  and  wide,  as  it  will  otherwise  be  liable  to 
become  choked  by  an  accumulation  of  the  condensed  metal. 

When  a  briUiant  surface  of  clean  and  polished  zinc  is  exposed 
to  dry  air,  it  remains  unchanged  at  common  temperatures ;  in  a 
damp  atmosphere,  on  the  contrary,  it  is  speedily  tarnished,  and 
soon  acquires  a  greycolour  from  the  formation  of  a  superficial 
coating  of  oxide.  When  heated  in  contact  with  air  at  a  tempera- 
ture superior  to  that  of  its  point  of  frision,  it  takes  fiie,  and  bums 
with  an  extremely  yiyid  white  fiame.  The  brilliancy  of  this  flame 
is  caused  by  the  combustion  of  metallic  zinc,  which,  giying  rise  to 
the  formation  of  oxide  of  zinc,  the  Jlarea  giticif  or  nihUum  album  of 
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the  early  chemistB,  a  body  perfectly  fixed  at  all  temperatures,  it 
becomes  heated  to  whiteness,  and  thus  communicates  to  the  flame 
its  peculiar  intensity  of  colour.  Oxide  of  zinc  obtained  by  this 
means  is  largely  employed  when  ground  with  oil  as  a  pigment,  in 
lieu  of  white  lead,  and  from  its  perfect  whiteness,  as  weU  as  trom 
the  circumstance  of  its  not  becoming  blackened  by  sulphuretted 
hydrogen,  it  is  for  many  purposes  to  be  preferred  to  the  different 
preparations  of  the  former  metal. 

Zinc  is  dissolved  in  hydrochloric  and  dilute  sulphuric  adds  with 
evolution  of  hydrogen  gas;  the  action  of  these  acids  is  more 
energetic  on  ordinary  commercial  sine  than  on  that  which  is  che- 
mically pure.  This  metal  decomposes  water  with  the  formation 
of  oxide  of  zinc  and  evolution  of  hydrogen  gas.  When  the  zinc 
is  in  a  state  of  fine  division,  this  reaction  commences  at  a  tem- 
perature slightly  superior  to  212^.  Zinc  is  likewise  soluble  with 
the  liberation  of  hyoro^n  gas  in  boiling  solutions  of  potash  and 
soda :  in  this  case  the  oxide  of  zinc  formed  acts  as  a  metaUic  acid,  and 
combines  with  the  alkaline  base,  forming  soluble  salts.  I^  at  the 
same  time  that  the  zinc  is  inserted  in  the  alkaline  solution,  a  slip 
of  iron  be  placed  in  contact  with  it  in  the  same  liquid,  the  decom- 
position of  water  may  be  readily  effected  at  ordinary  temperatures, 
as  in  this  case  the  zinc  alone  is  attacked,  whilst  the  iron  merely 
serves  as  the  negative  element  of  a  voltaic  pair  bv  the  action  of 
which  these  decompositions  are  much  facilitated.  From  the  oxides 
of  antimony,  arsenic,  tellurium,  bismuth,  cadmium,  tin,  lead,  iron, 
cobalt,  nickel,  copper,  mercuiy,  silver,  gold,  platinum,  palladium, 
rhodium,  iridium,  and  osmium,  dissolved  in  acids,  zinc  withdraws 
all  the  oxygen,  and  precipitates  the  metals,  whilst  it  is  itself  dis- 
solved in  the  acid  m  the  form  of  an  oxide,  and  gives  rise  to  the 
formation  of  salts  of  zinc.  . 

From  some  of  the  higher  oxides,  when  dissolved  or  diffused  in 
adds,  it  withdraws  only  a  part  of  their  oxygen,  and  reduces  them 
to  the  state  of  protoxides. 


OBXS  OF  znro. 

Zinc  usually  occurs  in  combination  with  either  sulphur,  oxygen, 
carbonic  acid,  sulphuric  acid,  or  silica,  and  is  also  occasionallv 
found  associated  with  alumina,  as  in  a  variety  of  the  species  spineL 
Before  the  blowpipe  the  ores  of  zinc  are  almost  completely  in- 
fusible, but  when  strongly  heated  on  a  charcoal  support,  give  off 
with  greater  or  less  £Etcility  white  fumes  of  oxide  of  zinc,  which 
are  condensed  on  the  cooler  parts  of  the  charcoal. 

The  zino  of  commerce  is  chiefiy  obtained  from  the  natural  car- 
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bonates  and  silicates  of  this  metal,  and  Bometimes,  althongli  more 
rarely,  &om  the  oxide  and  the  native  sulphuret  or  blende.  The  ores 
of  zinc  occur  either  in  veinB  trayersmg  primitive  or  transition 
rocks,  or  in  floors  and  stockwerks  in  the  more  recent  formations. 
The  first  mode  of  occurrence  is  by  far  the  most  frequent,  but  the 
more  recent  deposits  are  generally  the  most  productive. 

Red  •xide  of  Zinc;  Zinc  axydS  ferri/ere ;  Zinkoxyd, — ^Bed 
oxide  of  zinc,  although  rarely  occurring  in  the  crystalline  form, 
has  sometimes  been  met  with  in  crystals  derived  from  the  right 
rhombic  prism.  It  is  found  at  Sparta  in  New  Jersey,  where  it  is 
associated  with  franklinite  and  carbonate  of  lime. 

According  to  an  analysis  of  Berthier  this  mineral  is  composed 
of— 

Oxide  of  zinc 88 

Oxide  of  iron  and  red  oxide  of  manganese    .      12 

100 

Its  specific  gravity  varies  from  5*4  to  5*5 ;  it  has  an  adamantine 
lustre,  and  affords  when  scratched  an  orange-yellow  streak.  Its 
colour  is  red  of  various  hues,  sometimes  inclining  to  yellow ;  it 
possesses  two  distinct  cleavages  at  an  angle  of  120  ,  is  brittle,  and 
presents  a  conchoidal  fracture. 

Alone,  before  the  blowpipe,  this  mineral  is  infusible,  but  with 
the  addition  of  borax  a  yellow  transparent  glass  is  obtained.  Its 
surface  becomes  dull,  and  ultimately  white,  by  exposure.  When 
acted  on  by  nitric  acid  it  dissolves  without  eflfervescence. 

Bed  oxide  of  zinc  is  raised  in  large  quantities  in  the  locality  in 
which  it  is  chiefly  found,  and  constitutes  a  valuable  and  abundant 
source  of  that  metal.  A  specimen  of  this  mineral,  of  extreme 
purity,  and  weighing  16,4001bs.,  was  forwarded  to  the  Great  Exhi- 
bition of  1851. 

Bolphiuret  ef  Zlne ;  Zine  sul/ure  ;  Blende.  —  This  mineral 
occurs  either  massive,  or  in  dodecahedrons,  octahedrons,  and  other 
allied  forms.  It  admits  of  six  distinct  cleavages  parallel  to  the 
faces  of  the  dodecahedron,  and  when  scratched  anords  a  streak 
varying  from  white  to  reddish-brown.  In  colour  it  varies  from 
resm-yellow  to  dark-brown  or  black,  and  specimens  having  a  green 
or  red  tint  are  occasionally  met  with.  Its  lustre  is  waxy  or 
resinous,  and  when  recently  broken  a  brilliant  and  frequently 
submetidlic  sur&ce  \b  obtained.  Specific  gravity  4*0  to  41.  Some 
specimens  become  electric  by  fnction.  This  ore,  particularly 
when  of  a  dark  colour,  frequently  contains  suljphuret  of  iron,  and 
the  red  variety  is  sometimes  associated  with  from  1  to  2  per  cent, 
of  sulphuret  of  cadmium.  When  heated  alone,  or  with  the  addition 
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of  borax  before  the  blowpipe,  it  is  infusible;  but  when  a  charcoal 
support  is  employed  it  yields  white  fumes  of  oxide  of  zinc. 

Blende  occurs  in  rocks  of  all  ages,  and  is  generally  associated 
with  the  ores  of  lead,  as  also,  though  less  frequently,  with  those  of 
iron,  copper,  tin,  and  silver.  The  blende  found  in  this  country  is» 
from  the  amount  of  sulphuret  of  iron  which  it  contains,  usually  of 
a  dark  colour,  and  hence  called  Black  Jack  by  English  miners. 
This  sulphuret  is  found  abundantly  in  Cornwall,  Cumberland,  and 
Derbyshire,  as  well  as  in  Transylvania,  Hungary,  and  the  Hartz. 

A  transparent  variety  of  a  bright  yellow  colour  accompanies 
boumonite  and  fahlerz  at  Kapnick  in  Transylvania;  still  more 
beautiful  specimens  of  an  olive-green  tint  are  procured  from 
Schemnitz  in  Hungaiy;  whilst  Sweden,  Bohemia^  and  Saxony^ 
are  £unous  for  the  brilHant  brown  and  black  crystals  they  afford. 

The  zinc  and  sulphur  of  which  this  mineral  is  composed  are 
combined  in  the  proportion  of  1:1,  and  its  composition  will  con- 
sequently be  expressed  by  the  formula  ZnS. 

Two  analyses  of  this  substance  from  different  localities  afforded 
to  Berthier  and  Arfwedson  the  following  results : — 

Salpharet  of  zino  in  crystals.  TjaTnellitr  from  "Bnglimd. 

Azfvfedson.  Berthier. 

Zinc    .    .    66-34 615 

Iron    .     .        -00 40 

Sulphur    .    83-66 33-0 

10000  98-6 

From  the  difficulties  experienced  in  its  metallurgic  treatment, 
this  mineral  is  but  sparingly  employed  as  an  ore  of  zinc,  although 
when  roasted  carenilly  it  readily  yields  by  distillation  with 
powdered  charcoal  the  metal  which  it  contains. 

Carbonate  of  Zlne;  Calamine;  Zinc  carbonaiS ;  Zinkspaih. — 
This  substance  is  found  in  crystals  in  concretionated  and  compact 
masses,  and  in  pseudomorphic  forms.  When  pure,  its  colour  is 
yellowish-white;  but  when  much  contaminated  with  iron,  it  ia 
frequently  brown  or  reddish-brown. 

Its  lustre  is  vitreous,  inclining  to  pearly ;  streak,  white ;  and 
deava^e  parallel  to  the  faces  of  the  rhombohedron,  which  is  its 
primitive  form.  Specific  gravity  from  4-3  to  4*4li5.  Smithson, 
who  analysed  two  specimens  of  this  mineral  frx>m  Derbyshire} 
found  them  to  contain — 

I.  n. 

Oxide  of  zinc    .     .    .    65-20    .     .    .    6464 
Carbonic  acid    .    .    .    34-80    .    .    .    3536 


100-00  100-00 
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These  numbers  correspond  to  the  composition  represented  by 
the  formula  ZnO,  CO,.  It  is  soluble  in  acids  with  the  evdiution 
of  carbonic  acid  gas,  and  when  strongly  heated  before  the  blow- 
pipe, carbonic  acid  is  eliminated,  and  oxide  of  zinc  remains.  This 
is  one  of  the  most  important  ores  of  zinc,  and,  together  with  the 
silicate  with  which  it  is  invariably  associated,  is  extensively  treated 
for  the  metal  it  contains.  A  compact,  fibrous,  semi-transparent 
variety  of  this  mineral,  of  a  pale-yellow  colour,  and  disposed  in 
concentric  laminse,  occurs  at  Alston  Moor  in  Cumberland,  where 
it  is  foimd  associated  with  blende  and  galena  in  a  calcareous  rock. 
It  is  likewise  abundant  in  Derbyshire,  as  also  in  Siberia,  Hungary, 
Silesia,  Carinthia,  and  near  Aix-la*Chapelle,  as  well  as  in  many 
parts  of  the  United  States  of  America. 

Bllleate  of  Zlne;  Electric  Calamine;  Zinc  oxyde  nliei/ere; 
Zinkgku, — This  mineral  was  for  a  long  time  confounded  with 
carbonate  of  zinc,  although  they  differ  materially  from  each  other 
both  in  their  chemical  and  physical  properties.  Silicate  of  zinc 
occurs  stalactic,  mammillated,  botryoidal,  and  massive,  and  also 
crystallised  in  forms  derived  from  tne  right  rhombic  prism. 

Its  usual  colour  is  white,  but  blue,  CTeen,  yellow,  and  brown 
specimens  are  occasionally  met  with.  This  substance  may  be 
either  transparent  or  opaque,  but  has  a  vitreous  lustre  and  white 
streak.  Specific  gravity  3*3  to  3*6.  Fracture  uneven.  Crystals 
of  this  mineral  when  heated  become  electric,  and  the  same  effect 
is  sometimes  produced  by  friction  alone.    It  consists  of — 

From  Limbonrg.  From  Altenberg. 

Berthier.  Berzelios. 

Oxide  of  zinc    .    660 6637 

Silica  ....    25.0 26-23 

Water     ...      90 7*40 


1000  10000 

These  results  indicate  this  body  to  be  composed  of  two  atoms 
of  silicate  of  zinc  united  to  one  equivalent  of  water,  and  its  con- 
stitution will  consequently  be  represented  bj  the  formula 
2  (ZnO,  SiOj)  +  HO.  This  is  a  valuable  ore,  and  is  commonly  as- 
sociated with  the  carbonate  of  the  same  oxide  in  veins  containing 
ores  of  iron  and  lead,  together  with  the  sulphuret  or  zinc  blende. 
Considerable  quantities  occur  at  Bleyberg  and  Aaibel  in  Carinthia, 
as  also  at  Frey  oerg  in  Brisgau,  at  Bezbanya  in  Himgary,  Tamowitz 
in  Silesia,  and  Altenberg  near  Aix-la-Chapelle.  Concentric 
botrvoidal  groups  are  also  found  in  the  Mendip  Hilk,  and  at  Wan- 
lockhead  in  Dumfriesshire  ;  pseudomorphous  crystals  of  the  same 
substance  occur  in  some  parts  of  Derbyshire,  and  at  Schemnitz  in 
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Hirng^.  Before  the  blowpipe  it  decr^itates,  intumesces,  and 
loses  its  transparency.  When  reduced  to  fine  powder,  it  is  soluble 
in  hydrochlonc  and  sulphuric  acids  when  gently  heated,  and  on 
cooling  the  silica  is  deposited  in  a  gektinous  state. 

Boipiutte  of  Zlne  is  not  found  in  sufficient  quantiigr  to  be  re- 
garded as  an  ore  of  zinc.  It  is  commonly  associated  with  blende^ 
by  the  oxidation  of  which  it  is  supposed  to  be  produced ;  it  is  a 
soluble  salt  of  a  white  colour.  It  occurs  at  Holywell  in  Walea^ 
in  the  Hartz,  at  Fahlun  in  Sweden,  and  Schemnitz  in  Hungary. 


SSTIlfATIGlSr  OF  ZIKG — SSPASATIOK  FBOH  OTHEH  KETAXS. 

For  the  purposes  of  analysis,  zinc  is  commonly  weighed  in  the 
state  of  oxide.  If  the  solution  of  oxide  of  zinc  is  free  m)m  any  ad- 
mixture of  ammoniacal  salts,  carbonate  of  soda  may  be  at  once  added, 
and  the  liquor  briskly  boiled  until  the  whole  of  the  carbonate  d 
zinc  has  been  precipitated.  This  is  afterwards  collected  on  a  filtec, 
washed,  and  after  being  allowed  to  dry,  calcined  in  a  platinum 
crucible  for  the  purpose  of  expelling  the  carbonic  acid.  I^  on 
the  contrary,  ammoniacal  salts  are  present,  it  is  necessary  that 
these  should  be  first  eliminated  by  the  addition  of  an  excess  of 
carbonate  of  soda,  and  subsequent  evaporation  to  dryness.  The 
dry  mass  is  then  treated  with  boiling  distilled  water,  and  the 
precipitated  carbonate  of  zinc  separated  by  filtration. 

Oxide  of  zinc  may  be  separated  from  peroxide  of  iron,  when  the 
latter  is  in  large  excess,  by  the  supersaturation  of  the  liquid  by 
ammonia.  When  thus  treated  the  oxide  of  zinc  remains  in  solu- 
tion, whilst  the  peroxide  of  iron  is  precipitated,  and  must  be 
thrown  on  a  filter  and  washed.  After  naving  separated  the  iron 
from  the  solution  by  filtration,  the  zinc  is  obtiuned  by  the  ad- 
dition of  an  excess  of  carbonate  of  soda  and  evaporation  to 
dryness.  This  method  of  separation  is,  however,  only  applicable 
in  cases  where  small  quantities  of  these  bodies  are  te  be  separated, 
as,  when  considerable  weights  of  the  mixed  oxides  are  to  oe  dealt 
with,  the  oxide  of  iron  invariably  retains  a  notable  weight  of  zinc. 
Under  these  circumstances,  succinate  of  ammonia  should  be  em- 
ployed, care  being  previously  taken  to  add  to  the  solution  a 
sufficient  amount  of  caustic  ammonia  to  determine  the  precipi- 
tation of  a  small  portion  of  the  oxide  of  iron. 

Zinc  may  be  separated  from  copper  by  passing  through  their 
acid  solution  a  current  of  sulphuretted  nydrogen  gas,  by  which 
the  latter  is  precipitated. 

The  best  method  of  separating  the  oxides  of  zinc  and  manganese 
consists  in  transforming  them  into  acetates,  and  adding  to  their 
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solution  a  considerable  amount  of  free  acetic  acid :  sulphuretted 
hydrogen  gas  is  now  passed  through  the  solution,  and  the  zinc  is 
precipitated  in  the  form  of  sulphuret,  whilst  in  the  presence  of  the 
tree  acetic  acid  the  manganese  is  retsoned  in  solution. 

Oxide  of  zinc  is  separated  from  lead  either  bj  a  current  of 
hydrosulphuric  acid,  as  in  the  case  of  copper,  or  by  adding  to 
their  solution  in  acids  sulphuric  acid,  or  an  alkaline  sulphate,  when 
sulphate  of  lead  of  a  white  colour  will  be  precipitated. 

The  separation  of  oxide  of  zinc  from  alumina  is  effected  either  bj 
their  solution  in  an  excess  of  caustic  potash,  and  the  precipitation 
of  the  zinc  by  sulphuretted  hydrogen,  or  by  converting  them  both 
into  acetates,  when  the  same  reagent  causes  the  precipitation  of 
the  zinc  in  the  form  of  sulphuret. 

To  separate  oxide  of  zinc  from  magnesia,  a  sufficient  quantity  of 
chloride  of  ammonium  to  prevent  the  formation  of  a  precipitate  on 
the  addition  of  ammonia,  is  added  to  the  solution.  When  the 
liquor  is  strongly  acid  this  precaution  may  be  omitted,  and,  on 
passing  a  current  of  sulphuretted  hydrogen,  a  precipitate  of  sul- 
phuret of  zinc  at  once  takes  place.  The  filtrate  m>m  the  zinc 
precipitate  is  afterwards  rendered  acid  and  evaporated,  and  from 
this  the  magnesia  may  be  separated  by  the  usual  method. 

Lime  is  separated  from  oxide  of  zinc  by  first  rendering  the 
liquor  ammoniacal,  and  afterwards  precipitating  the  lime  by  oxalate 
of  ammonia.  The  zinc  is  obtained  m>m  the  filtrate  by  the  addition 
of  carbonate  of  soda  and  evaporation  to  dryness.  On  treating  the 
residue  with  boiling  water,  tne  carbonate  of  zinc  remains  .undis'- 
Bolved,  and  is  converted  into  oxide  by  calcination  at  a  high  tem- 
perature in  a  porcelain  crucible.  Every  100  parts  of  the  oxide 
thus  obtained  correspond  to  80*26  parts  of  metallic  zinc. 


ASSAY  AlTD  AITALYSIS  OT  THE  OBES  OT  ZIKO. 

The  estimation  of  the  amount  of  zinc  contained  in  an  ore  of 
that  metal,  is  by  the  dry  way  a  very  troublesome  and  uncertain 
operation,  as  the  zinc  which  it  contains,  from  being  extremely 
volatile,  and  subject  to  oxidation  at  high  temperatures,  cannot  be 
obtained  in  the  rorm  of  a  button  as  is  the  case  with  the  metals 
heretofore  described,  and  must  therefore  be  distilled  and  again 
collected  in  proper  receivers,  or  its  weight  must  be  cfdculated  from 
the  loss  experienced  by  its  ores  when  subjected  under  certain 
circumstances  to  an  elevated  temperature.  Berthier,  who  has 
made  numerous  experiments  on  this  subject,  divides  all  bodies 
containing  zinc  capable  of  being  assayed  by  the  dry  way  into  the 
four  following  classes : — 
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1st.  Those  in  which  the  metal  exists  in  the  form  of  oxide  nn- 
combined  with  silicic  acid. 

2nd.  Ores  of  zinc  in  which  the  metal  is  present  as  oxide,  wholly, 
or  in  part  combined  with  silicic  acid. 

8rd.  Zinc  ores  in  which  the  metal  is  wholly  or  in  part  combined 
with  sulphur. 

4th.  Alloys  of  zinc. 

To  reduce  the  oxide  of  zinc  contained  in  minerab  of  the  Fint 
ClmH,  it  is  only  necessary  to  mix  them  with  powdered  charcoal, 
and  expose  them  for  a  sufficient  time  to  a  white  heat.  The  metal 
thus  obtained  is  at  the  moment  of  its  reduction  converted  into  a 
vapour  readily  condensible  in  proper  receivers,  and  ii^  therefore, 
the  operation  be  conducted  m  an  earthen  retort,  with  a  long 
beak  kept  properly  cooled,  the  whole  of  the  metallic  zinc  may  be 
collected  and  weighed.  To  do  this  the  neck  of  the  distillatory 
apparatus  must  be  broken  ofi^  and  its  lining  of  metallic  zinc  care- 
fully detached :  but  this  method  of  estimation  is  &om  two  distinct 
causes  liable  to  be  inexact.  The  first  of  these  is,  that  the  metallic 
deposit  is  extended  over  a  large  smrface,  and  is  frequently  veiy 
difficult  to  detach  completely  from  the  sides  of  the  retort  to  which 
it  firmly  adheres ;  and,  secondly,  as  the  neck  of  the  retort  is  open 
during  the  operation,  all  the  vapour  which  approaches  nearest  to 
the  orifice  becomes  converted  into  oxide.  The  removal  of  the  me- 
tallic crust  fr\>m  the  interior  of  the  neck  is  much  &cilitated  by  the 
application  of  a  little  plumbago  previous  to  the  introduction  of  the 
charge.  When  the  beak  is  not  of  itself  sufficiently  long  for  the 
complete  condensation  of  the  zinc,  a  piece  of  glass  tube  may  readily 
be  acUtpted  so  as  to  lengthen  it.  If  the  coatins;  adheres  so  firmly 
as  not  to  admit  of  complete  removal,  that  which  remains  attached 
to  the  retort  may  be  dissolved  in  nitric  acid,  which,  on  being 
evaporated  to  dryness,  and  calcined,  yields  a  certain  amount  of 
oxiae,  four-fifths  the  weight  of  which  must  be  added  to  that  of  the 
metallic  zinc  scraped  from  the  fragments  of  the  broken  retort. 

Instead  of  operating  in  this  way,  an  approximation  to  the 
quantity  of  zinc  contamed  in  an  ore  may  be  obtained  bv  heating 
it  together  with  proper  fixed  fiuxes  in  a  lined  crucible  at  the 
temperature  of  an  iron  assay,  and  afterwards  judging  of  the  amount 
of  zmc  present  from  the  loss  of  weight  experienced  during  the 
operation.  The  resulting  button,  which  is  a  mixture  of  slag  and 
granules  of  cast  iron,  is  first  weighed  without  being  broken,  and 
after  crushing  it  in  an  iron  mortar  the  metallic  shot  are  removed 
by  a  magnetic  bar.  The  weight  of  these  is  next  ascertained,  and 
by  difference,  that  of  the  scoria  is  readily  found.  The  weight  of 
the  oxygen  lost  by  the  iron  during  its  reduction  is  now  by  cal- 
culation added,  and  on  subtracting  the  product  of  these  united 
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numbers  from  the  amount  of  flux  and  mineral  employed  we  im- 
mediately get  the  weight  of  the  volatilized  zinc. 

By  deducting,  on  the  other  hand,  the  weig:ht  of  the  fixed  flux 
used  from  that  of  the  slag;  obtained,  the  weight  of  the  earthy 
matter  and  unreducible  oxides  associated  with  the  ore  of  zinc  may 
be  arrived  at  with  a  tolerable  degree  of  precision. 

These  results  have  been  expressed  by  Berthier  in  the  following 
tabular  form:— 

Let  W  be  the  weight  of  crude  ore,  and  w  that  of  the  ore  after 
calcination;  t  the  weight  of  the  flux  added;  /the  weight  of  the 
cast  iron  found ;  s  the  weight  of  slag ;  o  the  weight  of  oxygen 
combined  with  the  iron ;  and  e  the  weight  of  the  oxide  of  zinc 
sought. 

Then  we  have — 

W  crude  ore  =  calcined  do.  =  w 
t  fixed  fiuxes  added    ...        t 


to  +  t 

Gives  Metal   /  i  m  x  i  ^  .      1  ^ 

Slag      •;(Total/+«  j/+*  +  o 

Oxygen  o  )  Oxide  of  zinc  w  +  ^-/-*-o 
Flux  added  t 


Earthy  matters  «  —  ^. 

•res  of  the  Beeond  Class. — The  silicates  of  zinc  not  being  re- 
ducible  by  charcoal  alone,  require  the  addition  of  some  flux  capable 
of  combining  with  the  silicic  acid  present.  For  this  purpose  lime 
or  magnesia  may  be  advantageously  employed,  and  the  ores  are 
then  treated  precisely  like  those  belonging  to  the  first  class. 

Tke  Assay  af  ttres  belanyliiff  ta  tbe  Third  Class  is  conducted, 
after  the  removal  of  their  sulphur  by  a  careful  roasting,  precisely 
like  those  of  the  first  and  second. 

Fourth  Class.  Allays  of  zinc  with  iron,  copper,  or  tin,  may  be 
assayed  by  heating  them  in  a  lined  crucible  with  an  earthy  flux, 
and  weighing  the  resulting  button :  the  loss  experienced  will  in 
this  case  very  closely  approximate  to  the  amount  of  metallic  zinc 
originally  present. 

Analysis  of  zine  •res.— Carbonate  of  zinc  may  be  analysed 
by  the  following  process: — To  ascertain  the  amount  of  water 
which  it  contains,  a  weighed  quantity  is  heated  in  a  short  com- 
bustion tube,  to  which  a  chloride  of  calcium  tube  is  attached ; 
when  the  increase  of  weight  experienced  by  the  latter  represents 
the  amount  of  water  contained  in  the  quantity  of  substance 
operated  on.  Another  weighed  quantity  of  the  mineral  is  now 
strongly  heated  in  a  platinum  crucible :  the  loss  experienced  in 
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this  case  corresponds  to  the  united  weights  of  wateiP  and  carbonic 
acid  contained  in  the  ore.  By  deducting  the  first  of  these  results 
from  the  second,  we  readily  ascertain  the  weight  of  the  parbonic 
acid  originally  combined  with  oxide  of  zinc.  Either  a  firesh  por- 
tion of  ore,  or  the  rei9i4ue  of  the  above  calcination,  is  dissolved  in 
hydrochloric  acid,  evaporated  to  dryness,  and  subsequently  treated 
with  hot  water,  by  which  the  soluble  salts  are  readily  taken  up, 
whilst  a  certain  portion  of  inspluble  silica  which  remains  is  col- 
lected op  a  filter  and  carefully  washed..  Excess  of  ammonia  is  now 
added  to  the  filtrate,  and  the  precipitate  formed  separated  by  filtra- 
tion. The  liquor,  which  in  this  stage  of  the  operation  passes  through 
the  filter,  contains  the  whole  of  the  oxide  of  zinc,  which  may  be 
separated  and  estimated  with  the  precautions  already  describe.' 

vPlien  blende  is  the  mineral  to  be  examined,  it  may  be  directly 
treated  with  aqpa  regia^  and  the  zinc  and  other  metals  estimated 
precisely  as  when  a  carbonate  ba^  bepn  operated  on.  A  separate 
quantity  of  the  ore  must  be  attacked  for  the  estimation  of  sulphur 
which  IS  p^cipit^ted  and  weighed  in  the  state  of  sulphate  of 
baryta^ 

ICSTALLTTBGY  07  ZLKCr— EKOLISK  PBOCESS. 

The  metallurgic  treatment  of  the  ores  of  zinc  is  extremely 
simple.  When  calamine  is  the  mineral  operated  on,  it  is  first 
submitted  to  a  calcination,  by  which  it  is  rendered  friable,  and  its 
water  and  carbonio  acid  expelled*  The  roasted  ore  is  afterwards 
reduced  under  heavy  edge-runners  to  the  state  of  fine  powder, 
and  mixed  with  a  proper  proportion  of  charcoal  or  coal  dust,  by 
which,  when  strongfy  heated  in.  earthen  retorts,  its  conversion  :nto 
metallic  zinc  is  determined.  The  reduction  of  the  oxide  is  effected 
at  the  expense  of  the  carbon  present,  carbonic  oxide  gas  is  evolved, 
and  the  metallic  zinc  liberated  is  condensed  in  proper  receivers 
adapted  to  the  retorts  in  which  the  operation  is  conducted.  The 
arrangement  of  the  apparatus  in  whioh  these  transformations  take 
place  is  varied  in  different  localities  in  accordance  with  the  Qualities 
of  the  mineral  treated,  and  the  nature  of  the  fuel  employed. 

In  this  country  the  greater  part  of  the  zinc  works  are  situated 
in  the  neighbourhood  of  Bristol  and  Birmingham,  but  a  few  fur- 
naces are  also  found  in  the  vicinity  of  Shefiield.  Bristol  and 
Birmingham  are  chiefly  supplied  with  ores  from  the  Mendip  Hills 
and  Flintshire ;  and  Sheffield  from  the  mines  of  Alston-^moor,  in 
Cumberland.    The  ore  most  commonly  employed  is  calamine, 

'  This  prooeBS,  though  not  absolutely  aoc^r^t®,  is  sufficiently  so  for  practipsd 
purposes. 
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which,  after  being  carefully  freed  from  galena  by  hand-picking, 
is  calcined,  before  its  introduction  into  the  smelting  apparatus, 
by  being  exposed,  after  being  broken  into  a  coarse  powder, 
to  the  action  of  a  lar^  reyerberatory  furnace  with  a  low  dome. 
In  some  instances  this  calcination  is  omitted,  and  the  calamine  is 
then  at  once  broken  into  fragments  of  the  size  of  hazel  nuts,  and 
mixed  with  its  due  proportion  of  small  coals. 

Sometimes,  though  more  rarely,  blende  is  employed.  For  this 
purpose  it  is  broken  into  pieces  of  the  size  of  a  filbert,  and  roasted, 
without  further  preparation,  in  large  reyerberatory  furnaces,  heated 
by  a  coal  fire.  These  are  about  10  feet  in  length  and  7  in  width ; 
the  distance  between  the  sole  and  roof  at  the  highest  part  beinff 
80  inches,  and  the  height  of  the  fire-bridge  18.  The  blende  is  laid 
on  the  bottom  of  the  furnace  in  a  layer  of  from  3  to  5  inches  in 
thickness,  and  is  constantly  kept  stirred  with  iron  rakes  during  the 
operation.  The  roasting  of  each  charge  occupies  from  10  to  12 
hours,  and  the  loss  of  weight  sustained  during  the  calcination 
amounts  to  about  20  per  cent. 

The  process  employed  in  this  country  for  the  reduction  of  ores 
of  zinc  IS  called  distillation  per  descensum,  and  is  conducted  in  a 
Aimace  in  many  respects  yery  similar  to  those  used  in  glass  houses 


for  the  fusion  and  preparation  of  glass.  These  furnaces  may  be 
either  square  or  round,  but  that  represented,  ^g.  162,  and  which  is 
usually  preferred,  has  the  latter  form.  The  fire-placSe,  r,  is  raised 
to  a  conyenient  height  aboye  the  surface  of  the  ground,  and  is 
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ntuated  in  the  centre  of  the  arrangement.  Around  this  are  dis- 
posed the  crucibles,  c,  into  which  is  charged  the  mixture  of  ore  and 
fine  coal  from  which  the  zinc  is  to  be  distilled. 

The  dome,  d,  is  pierced  with  openings,  by  which  the  mixture  of 
I)owdered  ore  and  coal  is  introduced,  corresponding  to  each  cru- 
cible, and  the  bottom  of  each  pot  is  Aimished  with  a  hole  in  con- 
nection with  an  iron  tube,  /,  which  traverses  an  opening  left  in 
the  sole  of  the  furnace,  and  thus  projects  beneath  the  floor  into  a 
chamber  placed  immediately  below  it.  The  upper  orifice  of  this 
tube  is  closed,  nrevious  to  the  introduction  of  the  chai^;e,  by  a 
wooden  plug,  wnich  becoming  conyerted  into  charcoal  during  the 
operation,  is  rendered  sufficiently  porous  to  admit  of  the  passage  of 
the  yapour  of  zinc,  but  at  the  same  time  prevents  the  escape  of  the 
small  coal  and  calcined  mineral.  Each  crucible  is  coyered  with  a 
lid,  firmly  secured  in  its  place  by  a  lute  of  fire-diay,  and  the  distilled 
metal  is  condensed  in  the  tube,  t,  and  falls  in  the  form  of  drops  in 
the  vessel  r,  placed  there  for  that  purpose.  As  these  tubes  are 
liable  to  become  choked  by  the  condensed  metal,  it  is  necessary  to 
dear  them  from  time  to  tune  by  the  insertion  of  a  long  iron  rod, 
since  they  might  otherwise  become  entirely  closed,  and  thus  give 
rise  to  dangerous  explosions.  The  zinc  collected  in  this  operation 
in  the  form  of  drops  and  very  fine  powder,  mixed  with  a  certain 
portion  of  oxide,  is  afterwards  melted  in  a  large  iron  pot,  set  in 
brick-work,  and  heated  by  a  fire  beneath.  The  dross  whicn  collected 
on  the  surface  of  the  fused  metal  is  skimmed  off  and  returned  into 
the  crucibles  in  a  succeeding  operation,  whilst  the  zinc  itself  is  cast 
into  rectangular  bars  or  ingots,  in  which  state  it  is  sent  into  the 
market.  "Five  distillations  may  be  made  by  a  furnace  of  this  kind 
in  fourteen  days,  in  the  course  of  which  from  8  to  10  tons  of  roasted 
ore  are  treated,  and  from  20  to  25  tons  of  coals  consumed.  The 
metal  obtained  commonly  amounts  to  from  36  to  40  per  cent, 
of  the  ore  treated,  and  the  duration  of  each  crucible  may  oe  calcu- 
lated at  about  four  months.  The  pots,  when  unfit  for  further 
service,  are  removed  through  apertures  made  in  the  surrounding 
brickwork.  Before  being  set,  they  are  heated  to  redness  in  a 
reverberatory  furnace,  and  carried  to  their  places  by  a  pair  of  large 
iron  pincers,  slung  in  chams,  and  supported  by  a  kind  of  overhead 
railway,  as  in  the  case  of  ordinary  glass-house  pots.  When  set  in 
their  places,  the  brickwork  is  repaired  and  a  cover  fitted  in  the 
usual  way.  At  the  dose  of  each  operation,  the  crudbles  are  dis- 
charged by  removing  from  the  bottom  the  condensing  pipe,  t, 
and  withdrawing  the  residue  through  the  aperture  after  brea^g 
with  a  rake  the  piece  of  charcoal  by  which  it  was  closed  during  the 
process  of  distil  lation.  The  metallurgy  of  zinc  in  this  coimtry  is 
not,  however,  so  extensively  carried  on  as  formerly,  since,  from  the 
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importationB  of  this  metal  wbicli  aimuallj  take  place  from 
;ium  and  G^ermany,  its  price  has  become  so  reduced  as  to  afford 
''^le  profit  to  the  Britisli  manu&cturer. 


PSBFASATIOK  OF  ZUTG  AT  THB  TEBILIiB  HOKTAGITB. 

The  preparation  of  Einc  at  the  YieiUe  Montagne,  in  the  neighboiuv 
hood  of  Liege,  is  minutely  described  bv  Begnault  in  his  Ghimie 
El^mentaire,  from  which  are  gathered  the  following  details : — The 
minends  employed  are  the  siUcate,  carbonate,  and  oxide  of  zinc, 
which  are  sometimes  compact  and  earthy,  and  at  others  crystalline 
and  nearly  pure.  The  gangue  is  almost  ezclusiyely  composed  of 
day,  which  occurs  in  the  form  of  amoiphous  masses,  occupying 
cavities  in  the  middle  of  the  masses  of  calamine.  In  order 
that  this  may  become  softened  and  be  readily  remoTcd,  the 
mineral  is  left  exposed  to  the  air  for  several  months  before  it  is 
employed,  by  whidi  treatment  the  sreater  part  of  the  impurities 
becomes  detached  and  carried  away  oy  the  rains.  When  very  im* 
pure,  the  mineral  is  sometimes  washed  under  a  stream  of  virater,  by 
which  the  da^  is  ahnost  entirely  removed.  At  this  establishment 
the  ore  is  divided  into  two  classes,  the  white  ore  and  the  red,  dis- 
tinjguished  both  by  their  appearance  and  their  chemical  compo- 
sition. The  second  of  these  contains  a  larger  amount  of  iron  than 
the  first,  and  is  less  rich  in  zinc,  but  is  nevertheless  more  readily 
treated  than  the  whiter  variety. 

The  white  ore  contains  on  an  average  4f6  per  cent,  of  oxide  of 
zinc,  and  the  red  only  3d.  The  peroxide  of  iron  contained  in  these 
two  ores  amounts  respectively  to  5  and  18  per  cent. 

The  mineral,  after  it  has  been  washed,  is  calcined  in  conical  kilns 
similar  to  those  employed  for  burning  Ume.  The  ovens  in  which 
this  is  conducted  are  heated  by  two  lateral  fire-places,  covered  by 
an  arch  and  provided  with  a  flue,  which  is  divided  at  a  short  dis- 
tance from  ^e  hearth,  and  enters  the  kiln  by  twenty  different 
apertures,  arranged  at  regular  intervals  from  each  other.  These 
openings  are  four  inches  square,  and  are  lined  with  fire-bricks.  At 
the  bottom  of  the  furnace  are  two  rectangular  openings,  destined 
for  the  removal  of  the  roasted  ore  after  having  passed  through  the 
higher  and  more  intensely  heated  parts  of  the  arrangement.  Two 
slabs  of  cast  iron,  inclined  at  an  angle  of  45°,  divide  the  deaeending 
column  of  ore,  and  fiMslitate  its  removal  through  the  doors.  The 
ore  is  charged  by  the  mouth  of  the  ftumaoe,  and  the  smaller  and 
larger  fragments  are  so  mixed  togeibar  as  to  allow  a  sufficient  pas- 
sage for  the  heated  air  and  flame  entering  through  the  openings. 
By  thia  Imatmwitthe  mineral  loses  the  whole  of  its  water  and  the 
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lar^r  proportion  of  its  carbonic  acid.  The  loss  experienced  is  25 
per  cent.  The  fuel  employed  is  ordinary  pit  coaL*  This  operation 
18  continuous,  and,  in  proportion  as  the  roasted  ores  are  removed 
from  the  lower  part  orthe  cone,  fresh  mineral  is  introduced  by  the 
upper  opening,  around  which  is  a  platform,  where  a  supply  is  con- 
stimtly  kept  in  readiness. 

The  roasted  ore,  after  its  removal  from  the  kiln,  is  ground  under 
heavy  edge-runners,  sift;ed  through  very  fine  sieves,  and  sent  to  the 
Aimace,  in  which  its  reduction  is  effected. 
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The  reducing  apparatus  consists  of  four  distinct  frimaces  united 
in  one  mass  of  bnckwork.  Each  of  these  has  iThe  form  of  an  arched 
recess,  a,  figs.  163  and  164,  whose  neatest  height  is  8  feet  8  inches 
above  the  surfisu^e  of  the  floor.  The  back  of  this  opening  is  composed 
ef  a  bridt  wall^  and  is  slightly  inclined  in  the  direction  ah  ;  the 
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face,  e  <f,  is,  on  the  contrary,  left  quite  open  for  the  introduction  of 
the  retorts.  The  fire-place,  7,  is  placed  oeneath  the  surface  of  the 
ground,  and  the  flame  and  heated  air  enter  the  interior  of  the  fur^ 
naoe  through  four  apertures,  e.  In  the  arch  are  placed  two  sepa- 
rate flues,  Q  o,  which  terminate  in  a  central  chimney,  o,  diviaed 
into  four  compartments,  and  closed  by  dampers,  b,  corresponding 
to  each  division.  In  each  of  these  limmces  are  placed  42  cylindri- 
cal retorts,  r,  closed  at  one  of  their  extremities,  and  made  of  refirao- 
tory  day.  These  are  3  feet  8  inches  in  length,  and  6  inches  in 
diameter  in  the  inside.  In  the  open  end  of  each '  is  introduced  a 
conical  adapter  of  cast-iron,  o,  16  inches  in  length,  and  on  this, 
which  forms  the  mouth  of  the  condensers,  is  fitted  a  cone  of  wrought- 
iron,  p,  of  which  the  smaller  end  does  not  exceed  an  inch  in  dia- 
meter. The  earthen  retorts  are  placed  in  the  furnace  in  eight 
rows  raised  one  above  the  other,  and  with  this  view  the  back  wall 
of  the  oven,  a  b,  fig.  164,  is  furnished  with  as  many  successive  steps 
or  projections,  on  which  are  supported  the  closed  ends  of  each  row 
of  tubes.  On  the  op^  &cSb  of  the  oven,  c  dy-  are  arranged  eight 
plates  of  cast  iron,  which  are  fastened  in  thcdr  places  by  l^ing  fixed 
in  the  masonry,  and  are  destined  for  the  support  of  the  outer  ends 
of  the  retorts,  to  which  are  attached  the  adapters  already  described. 
The  height  of  the  steps  at  the  back  of  the  oven,  and  that  of  the 
iron  plates  in  front  of  the  opening,*  is  so  arranged  as  to  give  to  the 
retorts  a  slight  and  regular  inclination  downwards,  by  which  both 
the  distillation  of  the  metal  and  the  removal  of  the  residual  matters 
are  much  facilitated.  During  two^  months  the  firing  of  a  furnace  of 
this  description  is  continued  without  intermission;  but  at  the 
expiration  of  that  time  it  is  commonly  found  necessary  to  allow  it 
to  go  out,  in  order  to  repair  its  internal  lining.  "When  a  new  fur- 
nace, or  one  which  has  been  recently  repaired,  is  first  lighted,  the 
open  face  of  the  arched  cavity,  a,  is  closely  bwlt  up  with  bricks  or 
fragments  of  broken  retorts,  after  which  the  temperature  is  very 
gradually  raised  until  a  white  heat  has  been  attained.  At  the  end 
of  four  days  the  furnace  is  considered,  under  ordinary  circum- 
stances, sufficiently  heated,  and  the  refractory  tubes  are  then  sepa- 
rately introduced  into  their  respective  places.  For  this  purpose, 
the  temporary  stopping  of  bricks  and  broken  retorts  is  ^raduaUy 
removed,  and  the  tubes,  which  have  been  previously  heated  to  red- 
ness in  a  furnace  spedally  employed  for  that  piirpose,  are  intro- 
duced into  their  places.  Tbs  interstices  existing  between  the 
different  tubes  are  now  closed  with  fire-clay,  so  as  to  make  good 
the  fix>nt  of  the  oven,  and  the  cast  and  wrought  iron  adapters  are 
secured  in  their  places  vrith  a  luting  of  the  same  material. 

When  the  retorts  are  thus  arranged  in  the  oven,  a  small  charge 
of  powdered  ore  and  charcoal  is  at  first  introduced :  these  are  sue- 
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oeasiyelj  increased  until,  at  the  expiration  of  three  or  four  dm, 
the  apparatus  has  got  into  a  regular  way  of  working.  At  this 
-point  we  will  first  investigate  the  operation  of  the  apparatus.  The 
mineral  is  brought  to  the  furnace  in  wooden  boxes,  where  it  is 
mixed  with  fine  coal  slightly  moistened  with  water.  The  charge 
of  each  oven  consists  of  llOOlbs.  of  calcined  calamine  and  5501ds. 
of  a  bituminous  coal,  which  has  been  previously  reduced  to  the 
state  of  a  fine  powder.  These  substances  are  intimately  mixed 
together  before  being  introduced  into  the  retorts.  Before  charging 
the  tubes,  the  residue  remaining  from  the  preceding  operation  must 
be  carefully  withdrawn,  and  the  inside  of  each  retort,  as  well  as  of 
the  iron  a(hpters,  be  thoroughly  cleaned  with  a  small  iron  scraper. 
The  charging,  which  usually  commences  at  6  o'clock  in  the  monung, 
begins  with  the  lower  tubes.  The  mixture  of  ore  and  coal  is  intro- 
duced by  the  aid  of  a  semi-cylindrical  shovel  attached  to  an  iron 
rod  as  a  handle ;  and  as  soon  as  the  charging  is  terminated,  the 
fire  is  increased  by  raising  the  damper  on  the  top  of  the  chimney 
and  the  addition  of  a  msh  supply  of  fuel.  After  a  short  time, 
large  quantities  of  carbonic  oxide  gas  are  evolved,  which  bums  with 
a  blue  flame  at  the  openings  of  the  iron  adapters.  At  the  expira- 
tion of  a  further  period,  the  brilliancy  of  the  combustion  is  con- 
siderably increased,  and  the  flame  at  the  same  time  assumes  a 
greenish  white  tint,  with  the  evolution  of  copious  white  fumes. 
The  distillation  of  the  metal  now  begins,  and  the  conical  tube  of 
wrought  iron  is  luted  on.  At  this  point  the  greatest  care  is  requi- 
site, in  order  to  so  conduct  the  fire  that  the  heat  of  the  tubes  in 
every  part  of  the  furnace  may  be  as  nearljr  as  possible  e^ual;  but» 
in  spite  of  every  precaution,  those  in  the  higher  rows  are  mvariably 
less  heated  than  the  others,  and  are  consequently  only  charged  wm 
such  ores  as  are  most  easy  of  reduction. 

With  this  view,  the  retorts  in  the  higher  parts  of  the  furnace  are 
charged  with  the  red  variety  of  ore  containing  much  iron,  whilst 
the  lower  series  is  supplied  with  the  whiter  and  more  refractoiy 
kind.  At  the  expiration  of  two  hours,  the  workman  removes  the 
wrought  iron  adapter  with  a  proper  tongs,  and  strikes  it  sharply 
above  a  vessel  in  which  is  coUected  the  oxide  of  zinc  or  eadtnie,  which 
is  detached  and  reserved  to  be  added  to  the  mixture  of  ore  and 
powdered  coal  in  a  future  operation*  When  this  has  been  done,  an 
assistant  holds  a  large  iron  ladle,  called  tkpoSlan,  under  the  beak  of 
each  retort,  at  the  same  time  that  the  foreman  draws  out  into  it 
with  an  iron  scraper  the  distilled  zinc,  which  accumulates  in  the 
liquid  state  at  the  shoulder  formed  hj  the  junction  of  the  day  and 
cast  iron  tubes.  He  also  detaches  with  his  rake  the  metal  which 
has  condensed  in  the  form  of  drops  on  the  inside  of  the  iron  cone. 
The  liquid  zinc  thus  collected  in  the  potion  is  covered  by  a  scum 
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prmcipally  coiudstmg  of  oxide  of  zinc,  and  which  is  removed  before 
pouring  the  metal  into  moulds,  where  it  reoeires  the  form  of  rec* 
tangular  flat  ingots,  weighing  from  751bs.  to  SSlbs.  each.  When 
these  operations  are  completed,  the  sheet-iron  cone  is  again  luted 
on,  and,  after  firing  contmuouslj  for  two  more  hours,  another  tap- 
ping  is  made  in  the  same  way,  and  a  further  supply  of  liquid  zinc 
obtained.  These  manipulations  are  repeated  at  interrals  of  two 
hours  until  5  o'clock  in  the  evening,  when  the  distillation  is  com- 
monly terminated. 

The  tubes  are  now  cleaned  out  and  entirely  freed  from  any 
earthy  residue,  so  as  to  be  ready  to  receive  the  second  charge,  to 
which  has  been  added  the  oxide  of  zinc  formed  during  the  progress 
of  the  preceding  operation.  In  this  way  two  charges  of  the  furnace 
are  worked  off  in  24  hours,  which  together  furnish  about  6201bs.  of 
metallic  zinc,  and  from  30  to  45lbs.  of,  more  or  less  oxidised  gra- 
nules. Calamine,  when  thus  treated,  yields  about  30  per  cent,  of 
metal,  and  retains  about  10  per  cent,  in  the  residue  subsequently 
removed  from  the  retorts.  The  zinc  which  is  retained  in  the 
residue  exists  in  the  form  of  silicate  of  the  oxide  of  that  metal, 
which  is  not  to  be  reduced  at  any  temperature  by  the  action  of 
charcoal  alone. 

A  large  proportion  of  the  zinc  annually  produced  is  employe4 
in  the  form  of  thin  sheets.  For  this  purpose  it  is  necessajy  to 
agaiQ  melt  the  ingots,  directly  obtained  by  the  treatment  of  the 
ores,  as  above  described.  This  is  effected  in  a  reverberatory 
furnace  with  an  elliptical  hearth,  having  a  slight  inclination  towarcUB 
one  side.  At  the  lowest  point  of  the  sole,  which  is  made  of  refrac- 
tory day,  is  placed  an  hemispherical  reservoir,  in  which  the  iiised 
metal  is  collected,  and  the  ingots  to  be  remelted  are  introduced 
through  one  of  the  doors  and  piled  near  the  fire-bridge  on  the 
highest  part  of  the  hearth.  The  melted  zinc  is  dipped  out  of  the 
simk  reservoir  with  iron  ladles,  and  poured  into  moulds  of  various 
dimensions  in  forms  convenient  for  the  piurpose  of  rolling  into 
sheets.  These  plates  are  subsequently  reheated  in  a  second  furnace 
built  in  the  same  mass  of  brickwork  as  the  first,  and  which  is 
merely  heated  by  the  waste  gases  escaping  from  it.  Here  they  are 
elevated  to  a  teinperature  not  much  exceeding  212%  and  are  then 
passed  through  the  rolling  mill,  by  which  they  become  reduced  to 
the  form  of  leaves,  having  various  degrees  of  thickness. 


SmSSIAjr  METHOD  OE  ZIirC-SMBLTIirG. 

In  Upper  Silesia,  where  large  quantities  of  zinc  are  annually 
produced,  the  apparatus  employed  in  its  metallurgic  treatment 
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differs  very  materially  from  that  in  use  at  the  Vieille  Montagne 
and  in  other  parts  of  Belgium.    Fig.  165  gives  a  general  idea  of 


165. 


167. 

the  appearance  of  a  Silesian;  zinc  furnace.  The  distillation  is 
conducted  in  muffle-shaped  retorts  b,  figs.  166  and  167,  of  about 
8  feet  6  inches  in  length,  and  1  foot  8  inches  in  height.  The 
anterior  face  of  these  is  pierced  with  two  o|>ening8,  a  and  rf,  by  the 
first  of  which  is  attached  an  earthen  tube;  abc^  bent  at  right 
angles,  through  which  the  reduced  metal  is  sublimed ;  whilst  the 
second,  which  seiyes  for  the  "^thdrawal  of  the  fixed  residue,  ia 
closed  by  a  stopper  of  baked  clay,  and  securely  luted.  The  muffles 
are  made  in  moulds,  and  composed  of  a  mixture  of  well-kneaded 
fire-clay  and  finely  ground  potsD)erds.  The  metallic  zinc  is  collected 
either  in  smaU  cast  iron  pans  or  in  vessels  of  baked  clay. 

From  six  to  ten  of  these  retorts  are  symmetrically  placed  in  two 
rows  on  either  side  of  the  central  hearth,  and  are  introduced  into 
the  laboratorjr  of  the  furnace  throuigh  airohed  apertures  left  in  the 
brickwork  of  its  sides  for  that  purpose.  These  openings  are  sub- 
sequently closed  by  iron  plates  so  placed  as  to  prevent  the  too 
rapid  cooling  of  the  bent  arms,  ab  e,  whilst  the  aperture,  6, 
through  which  the  charge  is  introduced,  is  readily  accessible  bjr  a 
smaller  door,  ^,  turning  on  hinges  and  provided  with  a  sprmg 
fastening.    The  fuel  consumed  on  the  grate  f  is  pit  coal,  and  the 

Digitized  by  LjOOQIC 


SILESIAN  MXTHOD  07  ZnfC-SMELTUTG.  427 

retorfcfi  are  charged  with  a  mixture  of  equal  volumes  of  roasted 
calamine  and  the  fine  cinders  which  have  fallen  through  the  grate. 
These  are  for  this  purpose  preferred  to  powdered  pit  coal,  hecause 
the  latter  is,  from  the  quantity  of  tarry  matter  evolved,  liable  to 
cause  the  obstruction  of  the  tube,  a  b  c,  and  consequently  an  inter- 
ruption of  the  operation. 

The  calamine,  which  is  introduced  in  pieces  of  the  size  of  a  pea, 
is  roasted  in  a  large  reverberatory  furnace  with  a  low  roof:  this 
may  be  either  heated  by  a  separate  fire  of  pit  coal,  or  by  the  gases 
escaping  from  the  apparatus  m  which  the  reduction  of  the  roasted 
ore  IS  effected.  When  a  newly-erected  furnace  is  first  lighted, 
great  care  is  necessary  to  prevent  the  crackins  of  the  retorts  and 
the  too  great  expansion  of  the  surrounding  brick-work.  During 
the  first  two  days  the  fire  is  applied  under  the  grating,  and  the 
heat  is  gradually  raised  to  redness :  after  this,  the  fuel  is  placed  on 
the  grate  itself,  and,  at  the  expiration  of  from  ei^ht  to  ten  days 
from  lighting  the  fire,  the  retorts  are  found  reaav  for  charging. 
The  re£iced  zinc  passes  through  the  aperture,  c,  of  the  bent  arm, 
and  is  collected  in  proper  vessels  placed  in  the  openings,  o,  left  in 
the  brickwork  of  the  furnace.  Each  operation  requires  twenty-four 
hours  for  its  completion,  and  the  residue,  which  is  a  greenish  semi- 
fused  mass,  is  only  removed  after  eveiy  third  distillation. 

Besides  being  largely  employed  in  the  manufacture  of  brass,  this 
metal  is  extensively  usedfor  making  baths,  water-tanks,  spoutB,pipes, 
plates  for  the  en^ver,  for  galvanic  batteries,  for  coverinfi;  sheet- 
iron  (galvamsed  iron),  roofing,  and  a  great  variety  of  other  pur- 
poses, among  which  may  be  mentioned  plates  for  the  zincograpner, 
the  manufacture  of  the  new  pigment,  white  oxide  of  zinc,  &c. 
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BISMUTH. 

Equiv.  =  70-95.    Density  =  98. 

BiBKiTTH  possesses  a  white  grey  colour,  but  at  the  same  time  pre- 
sents a  distinctly  red  tint  when  compared  with  zinc,  antimony,  or 
one  of  the  whiter  metals.  It  is  brittle,  and  consequently  cannot 
be  drawn  out  under  the  hammer,  and  when  broken  presents  a 
highly  crystalline  fracture.  Very  beautiful  crystals  of  this  metal 
are  readily  obtained  by  fusing  a  considerable  quantity  in  an 
earthen  crucible,  and  ittterwar^  setting  it  aside  and  allowing  it 
to  cool  very  gradually.  Eor  this  purpose  the  ladle  or  crucible  in 
which  the  fusion  has  been  effected  should  be  removed  from  the 
fire  to  a  sand-bath,  and  covered  with  a  hot  iron  plate  on  which  are 
placed  a  few  pieces  of  ignited  charcoal.  At  the  expiration  of  a 
certain  time,  the  external  crust  of  solidified  metal  is  pierced  with 
a  hot  iron,  and  the  interior  portions,  which  still  retain  the  liquid 
form,  are  rapidly  poured  out. 

The  upper  crust  is  now  removed,  and  beautiful  crystals  of  bis- 
muth are  found  coating  the  sides  of  the  vessel.  These  are  in  the 
form  of  cubes,  or  hollow  tetrahedrons,  and  from  a  slieht  covering 
of  oxide  varying  in  its  thickness,  aflsume  very  beautinil  priamatio 
colours. 

Commercial  bismuth  is  never  absolutely  pure,  but  as  the  other 
metals  with  which  it  is  associated  are  commonly  more  oxidiaable 
than  itself,  it  may  in  a  great  degree  be  separated  from  them  bv 
fusing  the  powdered  alloy  in  an  earthen  crucible,  with  one-tenth 
part  of  its  weight  of  nitrate  of  potash.  On  heating  this  mixture 
until  the  nitre  has  been  completely  decomposed,  a  portion  of  the 
bismuth,  together  with  the  major  part  of  the  impurities,  will  have 
been  oxidised,  and  remain  in  comoination  with  the  potash,  whilst 
a  button  of  purified  bismuth  collects  in  the  bottom  of  the  crucible. 
When  an  absolutely  pure  specimen  is  required,  it  can  be  prepared 
by  fusing  together  a  mixture  of  subnitrate  of  bismuth  and  olack 
flux. 

This  metal  fuses  at  a  temperature  of  476^  Fah.  It  is  vola- 
tile at  a  high  heat,  and  may  be  distilled.  Bismuth  is  placed 
by  Faraday  at  the  head  of  diiunagnetic  substances ;  it  transmita 
heat  less  readily  than  most  other  metals,     Atra.^w*' 
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biamntli  boils,  and  is  sublimed,  and  at  this  temperature  is 
stated  by  Begnault  to  decompose  the  yapour  of  water :  it  is  not 
affected  by  exposure  to  dry  air,  but  when  placed  in  a  humid 
atmosphere  gradually  becomes  coyered  with  a  thin  pellicle  of 
oxide.  When  stronjp:ly  heated  in  air,  bismuth  bums  mm  a  bluish 
flame,  and  gives  off  mmes  of  a  light  yellow  colour. 

It  does  not  decompose  water  in  presence  of  the  stronger  acids, 
and  is  attacked  with  difficulty  by  concentrated  hydrochloric  acid. 
Sulphuric  acid,  unless  concentrated  and  hot,  does  not  attack  it, 
and  in  this  case  sulphurous  acid  is  evolved.  Nitric  acid  attacks  it 
with  great  facility  with  the  formation  of  soluble  nitrate  of  bismuth. 

OBSS  or  BISHUTH. 

Bismuth  occurs  native,  and  also  in  combination  with  sulphur, 
oxygen,  silica,  and  tellurium.  Its  ores  readily  fuse  before  the 
blowpipe,  and  in  the  oxidising  flame  afford  an  oxide  by  which  the 
charcoal  support  is  stained  of  a  brownish-yellow  colour. 

Native  Bismuth  ;  Bismuth  natif;  Gediegen  Wismuth  :  crystallises 
in  the  cubic  system,  but  is  also  found  massive,  granular,  reticulated, 
and  arborescent.  Colour  silver-white,  inclining  to  red;  lustre 
metallic,  and  streak  unchanged.  Cleavage  parallel  to  the  faces  of 
the  octahedron.  Frequently  contains  small  quantities  of  arsenic, 
and  is  often  associated  with  silver,  and  sometimes  with  iron. 

Native  bismuth  accompanies  various  ores  of  silver,  lead,  zinc, 
cobalt,  and  nickel,  and  usually  occurs  in  veins  traversing  either 
gneiss  or  day-slate.  Its  principal  localities  are  the  silver  and 
cobalt  mines  of  Saxony  and  Bohemia,  Altenberg,  Schneeberg, 
Annaberg,  Joachimsthal,  and  Johanngeorgenstadt.  It  is  likewise 
found  at  Bieber,  in  the  principality  of  Hanau,  at  Loling  in 
Carinthia,  and  at  Fahlun  in  Sweden.  Native  bismuth  also  occurs 
at  Huel  Spamon,  near  Eedruth  in  Cornwall,  at  Caldbeckfell  in  Cum- 
berland, and  near  Alloa  in  the  county  of  Stirling.  Native  bismuth 
supplies  nearly  the  whole  of  this  metal  which  is  employed  in  the 
arts  ;  the  greater  portion  is  derived  from  the  mines  of  Schneeberg 
in  Saxony,  where  it  is  found  associated  with  the  ores  of  cobalt. 

Bismuth  is  also  found  in  combination  with  other  bodies,  but 
these  compounds  are  by  no  means  of  common  occurrence. 

Sulphuret  of  Bismuth  occurs  in  Cumberland,  Cornwall,  Saxony, 
and  Sweden.  It  is  found  both  in  the  massive  state  and  in  the 
form  of  acicular  ci^tals,  and  is  composed  of  Bismuth  81*3,  Sul- 
phur 18*7.  This  is  a  rare  mineral,  although  its  localities  are 
comparatively  numerous. 

Biitmuth  Blende  is  a  silicate  of  bismuth  which  occurs  in  minute 
dodecahedral  crystals  of  a  dark  hair-brown  or  wax-yellow  colour. 
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Its  general  appearance  is  that  of  implanted  globules,  whicli  rarelj 
exceed  the  size  of  a  pin's  head.  Tnis  mineral,  which  occurs  at 
Schneeberg  in  Saxony,  is  composed  of  oxide  of  bismuth,  58*8 ; 
silica,  23*8;  arsenic  acid,  2*2 ;  gangue,  9*1;  arsenic,  cobalt,  copper, 
and  iron,  5*9. 

Aeicular  Bismuth  is  a  sulphuret  of  bismuth,  copper,  and  lead, 
which  occurs  in  the  mine  of  Klutscheffskj,  near  Beresof,  in 
Siberia;  it  is  found  in  aeicular  crystals  of  a  yellowish-white 
colour,  and  contains  from  84  to  43  per  cent,  of  bismuth. 

Tetradymite  is  a  compound  of  tellurium  and  bismuth,  and 
occurs  in  Sweden  and  Brazil. 

Oxide  of  Bismuth  occurs  as  a  pulverulent  coating  on  some  of  the 
other  ores  of  this  metal ;  it  is  K)und  in  Bohemia,  Siberia,  and  at 
St.  Agnes,  in  Cornwall.  It  is  of  a  yellowish  green  colour,  and 
contains  86  per  cent,  of  that  metal. 

ff  Carbonate  of  Bismuth, — This  mineral  also  occurs  at  St.  Agnes, 
and  at  Johanngeorgenstadt ;  it  is  a  straw-coloured  compound, 
with  an  irregular  conchoidal  fracture.  Its  composition  has  not 
been  satisfSoctorily  determined. 


XSTIMATIOK  or  BISMUTH. — SSPAEA.TI0ir  FBOH  OTHEB  METALS. 

This  metal,  which  for  the  purpose  of  analysis  must  be  attacked  bj 
nitric  acid,  is  precipitated  from  its  solution  m  the  form  of  protoxide 
of  bismuth,  BiO,  which,  after  being  calcined  in  a  small  porcelain 
crucible,  and  weired,  its  equivalent  in  metallic  bismuth  is  deduced 
by  calculation.^  This  operation  must  never  be  attempted  in  a  plati- 
num crucible,  as  the  oxide  of  bismuth  is  liable  to  attack  that  metal, 
should  any  metallic  bismuth  be  liberated  through  the  presence  of 
traces  of  organic  matter.  The  filter  from  which  the  oxide  has 
been  detached  is  burnt  in  another  capsule,  treated  with  a  little 
nitric  acid,  and  strongly  ignited  for  the  purpose  of  decomposing 
the  nitrate  of  bismuth  formed. 

When,  as  is  commonly  the  case,  bismuth  is  found  associated 
with  other  metab,  like  itself  precipitable  by  the  alkalies  and  their 
carbonates,  but  not  by  sulphuretted  hydrogen,  this  reagent  is 
employed  to  effect  their  separation. 

Sulphuretted  hydrogen  is  also  had  recourse  to,  when  the  liquor 
holdinj?  in  solution  the  salt  of  bismuth  contains  hydrochloric  acid, 
as  in  this  case  the  precipitate  obtained  by  the  carbonated  alkalies 
contains  a  portion  of  chloride  of  bismuth  extremely  difficult  to 
decompose  by  any  excess  of  the  precipitant. 

^  This  oxide  contaiiu  89*86  per  oent.  of  metollie  biimatlL 
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This  metal  is  likewise  sometimes  precipitated  in  the  form  of  a 
black  powder,  hj  a  bar  of  iron  or  zinc  introduced  into  its  solution ;. 
this  precipitate,  wliich  is  metallic  biamuth,  is  collected  on  a  filter, 
washed  with  hot  water^  and  subsequently  roasted  in  a  small 
porcelain  crucible.  Towards  the  close  of  the  operation  a  few  drops 
of  nitric  acid  are  added,  and  the  temperature  raised  for  the  pur- 
|)oae  of  decomposing  the  nitrate  of  bismuth  formed :  the  bismuth 
IS  now  weighed  in  the  form  of  ojide. 

Bismuth  is  separated  bj  a  current  of  sulphuretted  hydrogen 
gas  &om  all  the  metals  not  converted  into  sufphurets  by  this  re- 
agent. The  separation  of  bismuth  from  copper  is  best  obtained  by 
the  addition  of  carbonate  of  ammonia,  by  which  the  oxide  of 
copper  is  retained  in  solution,  whilst  the  oxide  of  bismuth  is  pre- 
cipitated. After  the  addition  of  carbonate  of  ammonia,  the  liquor 
should  be  allowed  to  stand  for  a  considerable  time  in  a  warm 
place,  as  the  bismuth  is  not  at  once  completely  deposited.  From 
lead  this  metal  is  separated  by  adding  to  theur  solution  in  nitric 
acid,  sulphuric  acid  m  excess  ;  the  liquid  is  then  evaporated  until 
vapours  of  sulphuric  acid  begin  to  be  evolved,  when  the  sulphate 
of  bismuth  is  dissolved  in  distilled  water,  and  the  insoluble  sul- 
phate of  lead  separated  by  filtration*  Bismuth  is  separated  from 
tin  and  antimony  by  treating  the  recently  precipitated  sulphuret 
with  sulphide  oi  ammonium,  containing  an  excess  of  sulphur. 

By  this  means  the  sulphurets  of  tin  and  antimony  become  dis- 
solved, whilst  the  sulphuret  of  bismuth  remains  as  a  precipitate. 
The  separation  of  bismuth  from  cadmium  has  not  as  yet  been 
satisfactorily  effected. 

Assay  of  the  •res  of  Blsmutli. — The  assay  of  the  ores  of  bismuth 
is  conducted  precisely  like  those  of  the  oxidised  ores  of  lead. 
When  the  substance  operated  on  contains  metallic  bismuth,  no 
reducing  flux  is  theoretically  required,  but  as  there  is,  in  almost 
all  cases,  a  portion  of  oxide  present,  a  little  powdered  charcoal 
should  invariably  be  added.  On  account  of  the  volatility  of  this 
metal,  it  is  of  importance  that  a  readily  fusible  slag  should  be 
obtained,  and  for  this  purpose  large  quantities,  either  of  carbonate 
of  soda,  charcoal  and  borax,  or  of  borax  and  black  flux,  should  be 
employed. 

METALLirnGT  OF  BISITCTTH. 

The  bismuth  of  commerce  is  almost  exclusively  obtained  from 
the  native  metal,  which  is  chiefly  procured  for  tins  purpose  from 
the  mines  of  Schneeberg,  in  Saxony.  The  metallurgic  treatment  of 
these  ores  is  extremely  simple,  as  it  is  sufficient  to  heat  them  in 
closed  vessels,  by  which  the  metal  becomes  fused,  and  flows  out 
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into  proper  receiyers,  whilst  the  gangue  and  infusible  impurities 
remain  behind.  ^ 

At  Schneeberg,  the  liquation  takes  place  in  cast  iron  retorts, 
a  bj  fig.  168,  which  are  set  in  an  inclined  position  in  a  brick  fiuv 
nace,  a,  provided  with  a  grate  at  y,  for  the  support  of  the  fuel 
emplojea.  The  minerals  treated  are  sorted  by  hand,  broken  into 
pieces  of  the  size  of  a  hazel-nut,  and  separated  as  much  as  possible 
from  the  associated  gangue.    The  charge  of  each  pipe  consists  (£ 


168. 
about  56Ibs.  of  broken  ore,  which  is  introduced  at  a,  and  occupies 
three-fourths  of  its  length,  and  rather  more  than  one-half  its 
diameter.  The  sheet  iron  door  is  now  shut,  and  when  the  whole 
of  the  tubes  in  the  series  have  been  charged  in  the  same  way,  the 
fire  is  strongly  urged:  the  liquid  metal  soon  begins  to  flow 
through  the  apertures  b  left  in  the  clay  plates,  by  which  the  lower 
ends  of  the  tubes  are  partially  closed,  and  falls  into  the  small 
earthen  pots  c,  kept  slightly  heated  by  a  few  pieces  of  ignited 
charcoal,  introduced  into  a  space  left  beneath  them  for  that  pur- 
pose. Whenever  it  ceases  to  run  fi*eely,  an  iron  rod  is  inserted 
through  the  aperture  b,  and  the  ore  is  moved  about  in  the  retort, 
in  order  to  remove  the  obstruction. 

The  fuel  consumed  is  wood,  and  each  operation  usually  requires 
about  half  an  hour  for  its  completion. 

As  soon  as  the  flow  of  metal  has  entirely  ceased,  the  residuum 
is  scooped  out  with  iron  rakes,  into  the  water  trough  t,  and  a  fresh 
charge  of  mineral  at  once  introduced  into  the  pipes.  The  contents 
of  the  pots  c,  are,  when  filled,  dipped  out  with  iron  ladles,  and  cast 
into  ingots  varying  in  weight  from  25  to  50  lbs. 

By  this  apparatus  20  cwts.  of  ore  are  smelted  in  eight  hours, 
with  a  consumption  of  63  Leipzic  cubic  feet  of  wood. 
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Tbe  total  annual  production  of  this  mine  amounts  to  about 
10,000  pounds.  The  oismuth  thus'directly  obtained  by  liquation  is 
never  quite  pure,  being  contaminated  by  variable  quantities  .of 
arsenic,  iron,  and  some  other  metals,  from  which  it  is  freed  by  a 
second  fusion  with  one-tenth  of  its  weight  of  nitrate  of  potash. 

This  metal  enters  into  the  composition  of  some  of  the  best  kinds 
of  type,  and  has  the  propertv  of  imparting  to  it  a  clean  sharp 
face.  The  solder  employed  in  the  manufacture  of  pewter  wares 
consists  of  1  part  of  bismuth,  5  of  lead,  and  3  of  tin.  Bismuth 
also  forms  one  of  theiuCTedients  of  fusible  metal  of  which,  as  toys, 
spoons  are  made  which  melt  on  being  put  into  a  cup  of  hot  > 
tea.  This  alloy  is  likewise  employed  on  the  Continent  in  making 
safety  plugs  for  steam  boilers,  which,  by  melting  at  a  certain 
temperature,  are  intended  to  prevent  their  explosion.  This  con- 
trivance is,  however,  found  in  practice  to  be  of  little  vidue,  as  the 
expansive  force  causing  the  explosion  is  so  extremely  sudden  as 
not  to  allow  sufficient  time  for  the  safety  plugs  to  give  way.  An 
alloy  composed  of  2  parts  tin,  3  lead,  and  5  bismuth,  melts  at  a 
temperature  of  Idff"  Fahr.  This  compound  is  used  in  making  some 
varieties  of  stereotype  plates,  and  for  various  ornamental  purposes. 
A  subnitrate  of  bismuth  is  used  b^  ladies  as  a  cosmetic.  Pearl 
powder  is  a  similar  preparation,  obtained  by  dissolving  bismuth  in 
aqua  regia,  and  precipitating  by  water. 
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ANTIMONY, 

Equiv.  =  129-3.    Density  =  670. 

AyTiMOinr  is  a  brilliant  metal,  of  a  white  colour,  slightly  indining 
to  blue.  It  fuses  at  a  temperature  of  about  800°  lahr.  and  con^ 
tracts  but  little  during  congelation. 

It  is  extremely  brittle,  and  possesses  a  strongly  crystalline  tex- 
ture, so  that  when  broken  it  exhibits  beauti^  facettes,  indicatione 
of  which  n^ay  usually  be  observed  on  the  surface  of  the  cooled 
ingot.  Xt  is  slowly  but  distii^ctly  volatile  at  a  white  heat  in  a 
dosed  vessel,  but  admits  of  being  distilled  with  tolerable  fJEK^ility  in 
a  qurrei^t  of  hydrogen  gas.  When  placed  on  a  piece  of  igmted 
oharcpal  and  exposed  to  a  stream  of  oxygen  gas,  it  takes  fire  and 
bums  with  great  brilliancy,  tbn>wiBg  olf  its  0]pde  in  the  form  of  a 
yellowish-white  smoke,  possessed  of  a  peculiar  QdPiir  somewhat 
resembling  that  of  arsemc. 

Antimony  is  not  sensibly  affected  by  exposure  to  the  air  at  ordi- 
nary temperatures,  but  is  rapidly  oximsed  whep  exposed  to  it  in  a 
state  of  fusion.  When  fused  and  strongly  heated  antimony  is  allowed 
\q  ^  qn  th^  ground  from  a  certain  height,  combustion,  a(KX>m- 
pan|e4  by  the  production  of  a  thick  white  smoke,  immediately  takes 
place.     Th^  W^itp  smoke  is  oxide  of  antimony. 

^his  metal  seldom  occurs  in  commerpe  in  a  state  of  purity,  but 
is  contaminated  with  V9<nable  quantities  of  iron,  lead,  arsenic,  and 
^phur.  To  separate  thesp,  it  may,  after  being  reduced  to  a  fine 
powder  in  an  iron  mprtar,  be  intimately  mjjped  with  onortenth  of 
its  weight  of  nitre,  and  subsequently  fused  in  an  earthen  qrucible. 

By  this  treatment,  the  impurities,  together  with  a  portion  of  the 
^timpny,  bepome  oxidised,  and  on  breaking  thp  vessel  after  having 
allowed  it  |o  opol,  the  antimony  ip  obtained  as  a  metallic  button, 
the  surface  of  wlucl^  will  be  covered  with  a  femrlike  crystallisation. 
The  purification  of  this  metal  may  lij^ewise  be  effected  by  fufiin|;  it 
V^hen  in  a  finely  divided  statq  with  a  puiall  quantity  of  its  oxide. 
The  fineness  of  the  grain  of  metallic  antimony  is  regarded  as  an 
indication  of  its  purity. 

When  in  a  ftite  of  fine  division,  antimony  is  attacked  by  hydro- 
phloric  acid  with  the  evolution  of  hydrogen  gas,  but  it  has  not  the 
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property  of  decomposing  water  acidulated  with  sulphuric  acid. 
When  attacked  hj  hot  concentrated  sulphuric  acid,  it  becomes 
oxidised  with  evolution  of  sulphurous  acid  gas.  Nitric  acid,  even 
when  diluted  with  water,  attacks  antimonj  with  great  facility,  and 
transforms  it  into  an  insoluble  white  precipitate  of  antimonic  acid, 
SbOff.  Aqua  regia  readily  attacks  antimony,  and  ^ves  rise  to  the 
formation  of  a  chloride  which  is  readily  soluble  in  an  excess  of 
hydrochloric  acid. 

Specimens  of  native  antimony  have  been  found  in  Sweden, 
France,  uid  Oermany. 

OEES  or  AKTIMOITT. 

Antimony,  although  occasionally  found  in  a  native  state,  is 
usually  combined  with  sulphur,  ana  often  associated  with  galena. 
It  also  exists  in  combination  with  oxygen  and  arsenic ;  but  the  sul- 
phuret  is  the  only  mineral  which  can  be  considered  as  an  ore  of 
antimony. 

Native  antimony  crystallises  in  forms  derived  from  the  rhombo- 
hedron,  and  is  often  associated  with  small  quantities  of  iron  and 
silver. 

•xlde  of  Antimony;  Antimoine  oxydi;  Weisspiesglaserz, — 
This  mineral,  which  is  of  comparatively  rare  occurrence,  is  gene- 
rally found  either  in  acicular  rhombic  prisms,  or  in  rectangular 
plates,  having  two  lateral  faces  inclined  at  an  angle  of  136°  58'.  Its 
colour  is  either  snow-white,  pink,  or  ash-grey.  The  cleavage  is  in 
two  directions  parallel  to  the  lateral  faces  of  the  plates,  and  is  well- 
defined  and  readily  obtained.  The  streak  is  white,  and  lustre 
adamantine,  shining  and  pearly.  Specific  gravity,  =  5*56.  The 
analvsis  of  this  mineral  has  afforded  to  Yauqueun  the  following 
results: — 

Oxide  of  antimony 86'0 

Oxide  of  iron 3*0 

Silica 80 

970 

According  to  Berzelius,  it  is  pure  oxide  of  antimony,  composed 
of  84-32  parts  of  antimony  and  15-86  of  oxygen.  It  is  extremely 
fusible,  and  melts  in  the  flame  of  a  candle. 

This  substance,  which  is  rare,  and  consequently  of  little  metal- 
lurgic  importance,  is  found  in  small  quantities  in  veins  traversing 
the  primitive  rocks  at  Przibram,  in  Bohemia ;  at  Braiinsdorf,  near 
Freyberg,  in  Saxony ;  at  Malaczka,  in  Hungary ;  and  in  some  other 
contmented  localities. 
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Bulpliiuret  Of  Antimony;  Antimoine  9ulfur4  ;  Grauspiugloferz. — 
This  substance,  whicli  is  the  onlj  mineral  sufficiently  abundant 
to  be  regarded  as  an  ore  of  antimony,  crystallises  in  forms  deriyed 
from  the  right  rhombic  prism,  and  is  of  a  lead  or  steel-grey  oolour, 
which  is  liable  to  tarnish  from  exposure. 

The  deavage,  which  is  parallel  to  the  shorter  diagonal,  is  highly 

?erfect.  The  crystals  are  commonly  divergent,  columnar,  or  fibrous. 
t  also  occurs  in  granular  amorphous  masses.  Its  specific  gravity 
varies  from  4*50  to  4*62 :  its  streak  has  the  same  colour  as  the 
mineral  itself,  and  on  being  heated  on  charcoal  before  the  blow- 
pipe,  abundant  white  Aimes  and  an  odour  of  sulphur  are  evolved. 

This  substance,  which  is  commonly  associated  with  iron,  zinc, 
lead,  silver,  quartz,  and  sulphate  of  baryta,  occurs  in  veins  traversing 
various  primitive  and  transition  formations.  Its  most  celebrated 
localities  are,  Felsobonya,  and  Schemnitz,  in  Hungary;  Stol- 
berg,  in  the  Hartz;  and  Auvergne  and  Dauphiny,  in  France. 
Mines  of  sulphuret  of  antimony  have  also  been  worked  in  different 
localities  in  Spain  and  in  the  south-western  part  of  the  county  of 
Cornwall. 
The  composition  of  this  mineral  is,  according  to  Thomson, — 

Antimony 72-80 

Sulphur 27-20 

10000 

These  results  indicate  that  it  is  a  tersulphuret  corresponding 
to  the  formula  SbSg.  The  other  minerals  containing  antimony, 
although  rather  numerous,  do  not  occur  in  sufficient  abundance  to 
admit  of  being  treated  for  the  metal  they  afford. 


y^VmiLMSlOTSi  of  Alin^MOITY — SEPABATIOK  EBOM  OTHEB  METALS. 

From  the  difficulty  experiieiMsed  in  the  preparation  of  perfectly 
pure  antimonious-  aind  antimonic  acids,  this  metal  can  seldom  be 
determined  with  suffieient  asccuracy  under  these  forms,  and  is 
therefore  more  frequently  estitiia/ted>  eiikheir  by  difference  or  weighed 
in  the  metallic  state. 

The  precipitation  of  antimony  horn  its  solutions  is,  in  most 
instances,  effected  by  a  current  of  sidphuretted  hydrogen  gas,  a  suffi- 
cient amount  of  tartaric  acid  having  been  previoufily  added  to  the 
liquor  to  prevent  the  formation  of  an^  turbidity  on  the  addition  of 
distilled  water.  In  some  instances  m  which  the  presence  of  tar- 
taric acid  would  occasion  inconvenience*  in  the  estimation  of  the 
other  metals  present,  hydrochloric  add  is  made  use  of  for  the  same 
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purpose ;  but  in  this  case  the  results  obtained  are  considered  less 
satisfSactory.  When  the  liquor  has  been  properly  acidified,  a  cur- 
rent of  sulphuretted  hydrogen  is  passed  through  it  until  it  acquires 
a  stronff  oaour  of  that  sas,  when  it  is  digested  at  a  moderate  heat 
until  the  liquor  again  oecomes  nearly  inodorous.  The  reason  for 
thus  expelling  the  excess  of  sulphuretted  hydrogen  is,  that  sulphuret 
of  antimony  is  slightly  soluble  in  water  saturated  with  that  gas, 
and  it  consequently  follows  that  unless  this  precaution  were  attended 
to,  traces  of  the  metal  sought  would  still  remain  in  solution  along 
with  any  of  the  metallic  stJts  not  decomposed  by  this  reagent.  The 
precipitate  by  sulphuretted  hydrogen  is  afterwards  collected  on  an 
accurately  weighed  filter,  and  dried  in  a  water-bath  at  a  tempera- 
ture of  212"*  Fahr.  When  dry,  the  filter  and  its  contents  are  again 
weighed,  and  on  deducting  from  this  the  weight  of  the  filter  used, 
the  amount  of  sulphuret  of  antimony  will  evidently  correspond  to 
the  difference. 

The  sulphuret  of  antimony  thus  obtained  is  not,  however,  pure, 
but  invariably  contains  a  greater  or  less  excess  of  sulphur,  which 
renders  it  impossible  to  deduce  immediately  from  it  the  amount  of 
antimony  originally  present  in  the  substance  analysed. 

When  it  is  intended  to  estimate  the  metal  by  difference,  the  pre- 
cipitated sulphuret  is  detached  as  carefully  as  possible  from  the 
filter,  and  placed  in  a  lar^e  flask,  into  which  fuming  nitric  acid  is 
continuously  added,  drop  by  drop,  so  as  to  prevent  any  loss  which 
might  occur  through  the  too  energetic  action  of  the  acid  on  its  con- 
tents. More  nitric  acid  is  afterwards  added,  together  with  a  suffi- 
4eient  amount  of  hydrochloric  acid  to  completely  dissolve  the  whole 
5of  the  antimony  present.  K  acid  of  less  strength  were  employed, 
or  aqua  regia  more  or  less  diluted  with  water,  there  would  be 
danger  of  the  formation  of  a  small  quantity  of  sulphuretted  hydro- 
gen gas,  which,  by  being  evolved  into  the  atmosphere,  escapes  the 
oxiduing  influence  to  which  the  other  portions  are  subjected,  and 
vitiates  the  results  obtained.  When  the  precipitate  has  in  this  way 
been  entirely  dissolved,  a  solution  of  chloride  of  barium  is  added  to 
the  diluted  liauor  as  long  as  a  white  precipitate  is  obtained,  and 
from  the  weight  of  the  sidphate  of  baryta  formed  after  it  has  been 
pnoperly  washed  and  calcinoi,  is  deducted  the  amount  of  sulphur 
peeaent  in  the  sulphuret.*    The  weight  of  antimony  is  now  readily 

*  Whai  ft  large  quantity  of  tartaric  acid  has  been  added  to  the  solution  pre- 
vioua  to  the  introduction  of  the  chjbride  of  barium,  the  sulphate  of  baryta  pre- 
cipitated wfll  be,  to  a  smaU  extent,  eontaminated  with  the  tartrate  of  that  baee, 
trtkioh  canmoi  be  remoTed  even  by  »  protracted  washing.  This  tartrate,  during 
the  ignition  of  the  sulphate,  becomes  conyerted  into  carbonate  of  baryta,  and  is 
readuy  removed  by  digestion  in  dilute  hydrochloric  add.  The  residue,  on  beinff 
again  washed  smA  fiaUnwd,  oomsponds  to  the  true  amount  of  sulphur  contained 
in  the  sulphuret.  Digitized  by  GoOglc 
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obtained  by  deducting  the  sulphur  thus  estimated  from  the  sul- 
phuret  originally  obtained. 

When  accurate  results  are  required,  it  is  necessary  to  make  due 
allowance  for  the  quantity  of  sulphuret  which  remains  attached  to 
the  filter  on  which  it  is  collected ;  and  for  this  purpose  it  may  be 
either  again  weighed  after  its  removal,  and  the  calculation  made 
from  the  quantity  actually  attacked  by  nitric  acid,  or  the  filter  ma^ 
be  burnt,  the  residue  estimated  as  antimonious  acid,  and  its  eqjuor 
Talent  in  metal  added  to  the  results  already  obtained. 

When  it  is  desired  to  estimate  antimony  in  the  metallic  form, 
the  sulphuret  is  heated  in  a  current  of  hydrogen  gas,  by  which  sul- 
phuretted hydrogen  is  formed,  and  the  metal,  in  a  finely-divided 
state,  remams.  Por  this  purpose,  the  precipitated  sulphuret  is 
introduced  either  into  a  small  porcelain  crudole,  haying  a  hole  in 
the  cover,  through  which  a  glass  tube  conveying  the  gas  is  inserted, 
or  into  a  bulb  blown  in  a  tube  of  hard  glass,  connected  with  an 
apparatus  so  arranged  as  to  furnish  a  current  of  dry  hydrogen. 
The  temperature  of  the  sulphuret  is  afterwards  gradually  raised, 
and  the  current  of  gas  passed  until  white  vapours  cease  to  be  pro- 
duced on  presenting  at  the  extremity  of  the  tube  a  glass  rod 
dipped  in  bquid  ammonia.  When  the  reduction  is  effected  in  a 
porcelain  crucible,  the  action  of  the  current  of  hydrogen  is  conti- 
nued until  the  substance  ceases  to  lose  weight. 

To  separate  antimony  from  the  other  metals,  advantage  is  some- 
times taken  of  its  insolubility  in  nitric  acid,  whilst  at  others  its 
precipitation  by  sulphuretted  hydrogen,  and  the  solubiliirir  of  ite 
sulphuret  in  the  alkaline  sulphides,  are  the  properties  or  which 
advantage  is  taken  for  this  purpose.  When  an  alloy  of  antimoDf 
is  attacked  hj  nitric  acid,  the  antimonie  acid  produced  is  net  quilie 
so  insoluble  m  that  menstruiun  as  the  peroxide  of  tin,  and  distinct 
traces  of  oxide  of  antimony  will  consequently  be  retained  in  solu- 
tion. ThiB  method  of  separating  antimony  wiU,  however,  be  suffi- 
ciently exact  for  technological  purposes,  and  where  more  accurate 
results  are  required,  recourse  must  be  had  to  the  above-mentioned 
properties  of  sulphuretted  hydrogen  gas  and  the  sulphurets  of  the 
alkaline  metals. 

The  separation  of  this  substance  from  the  alkaline  and  earthy 
metak,  as  well  as  from  the  alkaline  earths,  is  readily  effected  by 
passing  a  current  of  sulphuretted  hvdrogen  through  their  solutions, 
to  which  an  amount  of  tartaric  acid,  sufficient  to  prevent  turbidity 
on  dilution  with  water,  has  been  added. 

The  excess  of  sulphuretted  hydrogen  is  subsequently  removed  by 
digestion  in  an  imperfectly  stopped  flask,  and  the  precipitate 
treated  as  above  described  for  the  determination  of  the  antimony 
which  it  contains. 

To  separate  antimoiay  from  iron,  manganese,  chromium,  nickel, 
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cobalt,  and  aillo,  a  current  of  sulphuretted  hydrogen  gas  is  passed 
through  their  solutions  acidulated  with  hydrochloric  acid.  As  has 
been  before  stated,  tartaric  acid  is  frequently  employed  in  order  to 
prevent  the  precipitation  of  oxychloride  of  antimony  on  the  addi- 
tion of  water  to  solutions  of  that  metal.  In  the  present  case,  how- 
ever, the  presence  of  tartaric  add  prevents  the  total  precipitation 
of  the  associated  metaLs  by  the  ordinary  reagents — ammonia,  and 
the  alkaline  carbonates  employed  for  that  purpose ;  and  therefore, 
when  this  acid  is  employed,  it  becomes  necessary  to  first  saturate 
the  filtrate  from  sulphuret  of  antimony  with  ammonia,  and  after- 
wards to  precipitate  them  by  the  addition  of  sulphide  of  ammonium. 
The  separation  of  this  metal  from  copper,  lead,  cadmium,  and 
bismuth,  is  effected  by  first  saturating  their  solutions  in  hydro- 
chloric acid,  with  ammonia,  and  subsequently  adding  to  supersatu- 
ration  sulphide  of  ammonium  containing  a  large  excess  of  sulphur.* 
The  beaker  containing  this  mixture  is  now  covered  with  a  glass 

Elate  and  digested  at  a  temperature  of  from  90°  to  ll(f  for  several 
ours.  By  this  treatment  the  sulphuret  of  antimony  becomes  re- 
dissolved,  whilst  the  sulphurets  of  the  other  metals  remain  in  the 
form  of  a  dense  precipitate.  This  is  afterwards  separated  by  filtra- 
tion from  the  supernatant  liquid,  and  the  sulphuret  of  antimony 
precipitated  from  the  filtrate  by  the  addition  of  weak  hydrochloric 
acid.  The  sulphuret  of  antimony  thus  obtained  is  much  contami- 
nated by  free  sulphur,  the  amount  of  which  must  be  ascertained 
by  oxidation  with  strong  nitric  acid,  and  separation  in.  the  form  of 
sulphate  of  baryta  of  the  sulphuric  acid  produced. 

IVom  the  numerous  analogies  existing  between  the  compounds 
of  tin  and  antimony,  the  separation  of  these  metals  from  eacn  other 
is  attended  with  considerable  difficulty,  and  no  method  by  which 
this  can  be  accurately  effected  has  as  yet  been  discovered.  For 
the  purposes  of  the  metallurgic  chemist,  the  following  will,  how- 
ever, often  prove  sufficiently  exact.  The  two  metaLs  are  dissolved 
in  aqua  regia  oontaininff  an  excess  of  hydrochloric  acid,  and  a  bar 
of  pure  tin  is  introduced  into  the  solution,  properly  diluted  by  dis- 
tilled water.  The  liouor  is  now  kept  for  several  hours  at  a  mode- 
rate temperature,  and  the  antimony,  which  will  alone  be  precipi- 
tated, is  deposited  in  the  form  of  a  daric  metallic  powder. 

ASSAY  or  TCtX  OBES  0^  AITTIHOKT. 

From  the  frisibility  of  this  metal,  its  ores  admit  of  being  reduced 
at  a  very  moderate  heat.    For  the  purpose  of  assay,  the  ores  of 

*  When  the  solution  contains  copper,  snlphuret  of  potassium  should  he  em- 
ployed, aa  the  sulphuret  of  that  mc^  k  slightly  sduble  in  sulphide  of  anuno- 
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aoitimoiij  may  be  diyided  into  two  classeB :  the  first  of  these  com* 
prehends  all  those  compounds  in  which  the  metal  is  combined  witit 
either  oxygen  or  chlorine,  and  in  which  little  or  no  8ul(>hnr  is 
present.  The  second  consists  of  the  native  sulphuret  of  antimony, 
and  all  other  antimonial  compounds  containing  large  quantities  of 
sulphur. 

1st.  All  the  Bubstanoes  belonging  to  this  division  are  very  readity 
reduced  to  the  metallic  state  by  being  heated  at  a  moderate  tem- 
perature with  finely-divided  charcoal,  and,  when  free  from  earthy 
or  siliceous  impurities,  their  assay  may  be  conducted  in  an  earthen 
.  crucible  interiorly  lined  with  charcoal,  without  the  addition  of  taxy 
kind  of  flux. 

Prom  the  volatility  of  this  metal,  it  is  necessary  to  avoid  the 
application  of  too  strong  a  heat ;  and  when  the  substance  examined 
is  contaminated  with  impurities,  the  addition  of  some  suitable  flux 
becomes  necessary.  For  this  purpose  the  ore  may  be  intimately 
mixed  either  with  three  parts  of  black  flux  or  one  wt  of  carbonate 
of  soda,  and  0*25  of  finely-powdered  charcoal.  In  this  case  the 
lining  of  the  crucible  becomes  unnecessary,  and  after  it  has  remained 
in  the  fire  until  its  contents  are  in  a  state  of  tranquil  f  usicm,  it 
should,  on  being  withdrawn,  be  gently  tapped  against  some  hard 
body,  to  collect  the  fused  metal  in  one  compact  button  at  the  bot- 
tom. When  the  crucible  has  become  cold,  it  is  broken,  and  the 
button  extracted  and  weighed.  Care  is,  however,  necessaiy  in 
detaching  it  from  the  adhermg  slag,  as,  from  its  brittieness,  it  would 
otherwise  be  liable  to  become  broken,  and  a  portion  consequently 
lost. 

This  method  is  likewise  applicable  to  substances  which,  although 
principally  consisting  of  the  oxides  of  antimony,  nevertheless  con- 
tain small  quimtities  of  sulphur ;  for  as  the  sulphuret  yields  to  the 
black  flux  just  one-half  the  combined  antimony,  a  verv  small  p<N^ 
tion  only  can  be  retained  in  the  slags.  When  oxiae  of  iron  is 
present  m  the  substance  treated,  this  metal  is  liberated  at  i^e  same 
time  as  the  associated  antimony,  and,  uniting  with  it,  forms  an 
alloy,  by  which  the  result  obtained  is  to  a  certain  degree  vitiated. 

2nd.  The  assay  of  substances  belonging  to  this  class  may  be 
made  either  by  first  roasting  the  sulphuret,  and  subsequently  fusing 
the  oxidised  matter  with  bhck  flux,  or  by  directly  fusing  the  crude 
mineral  with  the  addition  of  black  flux  and  finely  divided  metallic 
iron  or  iron  scales.  The  roasting  of  sulphuret  of  antimony  is, 
from  its  great  fusibility,  and  the  facility  with  which  it  becomes 
sublimed,  an  operation  requiring  much  care  in  its  execution; 
it  should  consequently  be  conducted  at  a  very  low  heat,  aild  the 
mineral  constantly  kept  stirred  with  a  slight  iron  rod  until  all 
trace  of  sulphurous  acid  ceases  to  be  evolved.  The  residue  is 
then  fused  with  three  parts  of  black  flux,  and  a  button  of  antimony 
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is  obtained  as  in  the  treatment  of  the  oxidised  minerals  belonging 
to  the  first  class. 

The  antimony  contained  in  the  sulphuret  of  that  metal  is  also 
readily  liberated  by  fusion  with  metallic  iron  in  a  state  of  fine 
division.  The  sulphuret  of  iron  thus  produced  has,  however,  so 
very  nearly  the  same  density  as  metallic  antimony,  that  their 
separation  can  only  be  obtamed  by  keeping  the  contents  of  the 
crucible  for  a  considerable  time  in  a  state  of  fusion.  When  this 
precaution  is  taken,  two  distinct  buttons  are  obtained  on  breaking 
the  crucible ;  the  one  which  is  at  the  bottom  is  of  a  white  colour, 
and  crystallised  in  large  plates,  whilst  the  other  is  of  a  bronze- 
yellow  tint,  and  consists  of  sulphuret  of  iron  containine^  slight 
traces  of  antimony.  These  are  carefully  detached  from  each  other, 
and  the  button  of  antimony  weighed.  The  long-continued  heat 
necessary  to  produce  this  separation  has,  however,  the  effect  of 
.  causing  the  loss  of  a  considerable  amount  of  antimony  by  sublima- 
tion, which  is  an  inconvenience  that  cannot  be  entu^ly  obviated 
by  the  most  careful  manipulation. . 

In  operating  in  this  way,  it  is  also  of  the  greatest  importanoe 
that  the  exact  amount  only  of  iron  necessary  to  combine  with  tl^ 
sulphur  present  should  be  added  to  the  pounded  sulphuret,  as 
from  the  great  tendency  of  antimony  to  form  an  electro-negative 
element,  it  would  otherwise  combine  with  the  excess  of  that  metal, 
giving  rise  to  an  antimoniuret  of  iron,  one  portion  of  which  would 
contaminate  the  reduced  metal,  whilst  another  would  be  retained 
in  the  slag. 

For  the  reduction  of  pure  sulphuret  of  antimony,  42  per  cent, 
of  iron  filings  is  required :  these  should  be  free  from  rust,  and  in 
the  finest  possible  state  of  division,  as  when  larger  masses  are 
employed,  a  considerable  amount  of  antimony  is  lost  in  the  state 
of  vapour  before  they  can  be  fiilly  acted  on  by  the  surrounding 
sulphuret.  Cast  iron  cannot  be  employed  in  the  reduction  of  the 
sulphuret  of  antimony,  as  it  is  not  only  little  acted  on  by  the  sul- 
phur, but  the  slag  produced  is  also  found  to  adhere  so  firmly  to 
the  metal  as  to  be  extremely  difficult  of  removal. 

If,  instead  of  employing  iron  and  sulphuret  of.  antimony  alone, 
a  certain  proportion  of  carbonate  of  soda  and  charcoal  be  added 
to  the  oontent-s  of  the  crucible,  the  same  results  are  obtained,  and 
a  slag  is  produced  consisting  of  sulphuret  of  iron  and  a  sulphuret 
of  the  alkaline  base  produced. 

A  good  mixture  ror  this  purpose  consists  of  100  parts  of  sul- 
phuret of  antimony,  42  of  metallic  iron,  45  of  carbonate  of  soda, 
and  5  of  finely  powdered  charcoal.  When  thus  treated  in  a 
lined  crucible,  and  at  a  moderate  temperature,  pure  sulphuret 
of  antimony  affords  from  65  to  67  per  cent,  of  reduced  metal. 

Instead  of  using  metallic  iron  for  this  purpose,  the  ^ure  oxide 
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of  tliat  metal,  iron  scale,  or  any  ferruginous  matter  maybe  employed, 
provided  it  be  capable  of  affording,  when  heated  with  charcoal 
and  an  alkaline  flux,  a  large  per-centage  of  metallic  iron.  When 
iron  scales  are  employed,  they  should  be  added  to  the  sulphuret 
of  antimony  in  the  proportion  of  40  parts  of  the  former  to  100  of 
the  latter ;  and  this,  with  the  addition  of  100  parts  of  carbonate 
of  soda,  and  15  of  charcoal,  will,  with  careM  firing,  afford  a  pio^ 
duce  of  from  65  to  67  per  cent,  of  reguline  antimony. 

Mr.  Mitchell  states  that  the  best  method  of  assaying  sulphuret 
of  antimony  consists  in  mixing  it  intimately  with  four  parts  of 
cyanide  of  potassium,  and  heating  ter^r  gently  in  an  earthen  cra- 
cible.  The  heat  required  in  this  case  is  so  extremely  loW,  that 
little  if  any  of  the  metal  is  lost  by  sublimation ;  whilst  by  all 
the  other  processes,  a  notable  quantity,  often  amounting  to  5  or  6 
per  cent.,  is  in  this  wa^  driven  off.  It  is,  therefor^,  evident  that 
the  estimation  of  antunony  by  the  dry  way  should  rather  be  con- 
sidered as  a  commercial  approximation  than  as  being  rigorously 
exact ;  and  when  pure  sulphuret  is  the  substance  operated  on,  its 
examination  will  prove  of  but  little  value,  as  every  100  parts 
of  that  compound  correspond  to  72' 8  of  metallic  antimony. 

When  more  rigorously  exact  results  are  required,  recourse 
must  be  had  to  humid  analysis.  For  this  purpose,  a  weighed 
portion  of  the  sulphuret  to  De  examined  should  be  boiled  with 
aoua  regia  until  the  whole  of  the  soluble  matters  are  dissolved. 
Tne  residue,  which  consists  of  gangue  and  undecomposed  sulphur, 
is  now  separated  by  filtration,  dried,  ignited,  and  weighed.  Tar- 
taric acid  IS  then  added  to  the  filtrate  to  prevent  the  precipitation 
of  any  oxychloride  on  dilution  with  water,  and  the  antimony  is 

Erecipitated  in  the  state  of  sulphuret  by  a  current  of  sulphuretted 
ydrogen.  The  amount  of  metal  in  this  precipitate  is  determined 
by  one  of  the  methods  already  described,  whilst  the  amount  of 
sulphur  originally  present  in  the  ore  is  readily  found  by  first 
ascertaining  the  loss  sustained  by  the  dry  gangue  during  ignition, 
and  subsequently  precipitating  the  oxidised  sulphur  existing  in 
the  filtrate  in  the  torm  of  sulphuric  acid  by  the  addition  of  chlo- 
ride of  barium.  On  ascertaining  the  amount  of  sulphur  cor- 
responding to  the  sulphate  of  baiyta  thus  obtained,  and  adding  it 
to  that  durectly  estimated  by  difference,  the  whole  amount  com- 
bined with  the  antimony  is  obtained.  The  other  metals  and  earths 
are,  when  necessary,  separated  by  the  ordinary  routine  of  chemical 
analysis. 

HITALLUBaT  OF  JLSTJMOTTt. 

From  the  fusibility  of  sulphuret  of  antimony,  its  separation 
from  the  siliceous  and  earthy  gangue  with  ^JjigJ^^i^  is  associated 
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is  readily  effected  by  a  simple  liquation  oonditcted  at  a  very 
moderate  beat.  On  the  continent,  tbis  operation  is  carried  on  in 
vertical  retorts  in  a  way  sbortly  to  be  described;  but  in  tbis 
country  a  reverberatory  furnace  of  peculiar  construction  is  em- 
ployed. The  bearth  of  tbe  apparatus  is  composed  of  a  mixture  of 
sand  and  clay,  solidly  beaten  togetber,  and  sloping  rapidly  in  all 
directions  towards  tbe  centre,  wbere,  at  tbe  lowest  part  of  tbe 
basin  tbus  formed,  is  situated  tbe  tap-bole  for  tbe  escape  of  tbe 
different  liquid  products.  "Wben  tbe  mineral  operated  on  is 
tolerably  free  from  eartby  or  otber  impurities,  tbe  operation  of 
liquation  may  frequently  be  dispensed  witb,  but  witb  tbe  poorer 
yarieties  of  ore  it  becomes  indispensably  necessary.  In  tbis  ease 
the  impure  sulpburet  is  charged  on  tbe  floor  of  tbe  fiimace,  and 
in  proportion  as  tbe  temperature  begins  to  be  elevated  it  becomes 
liquified,  and  escaping  through  the  tap-hole  in  tbe  bottom  of  tbe 
hearth  is  received  in  a  basin  prepared  for  that  purpose  on  the 
outside  of  tbe  brick-work  of  which  the  furnace  is  constructed. 

To  obtain  metallic  antimony,  the  sulpburet  is  carefully  roasted 
in  a  reverberatory  furnace  until  the  whole  of  the  sulphur  is  ez' 
polled,  and  a  grey  oxide  alone  remains.  This  oxide  is  aiter- 
wards  mixed  with  one-tenth  of  its  weight  of  crude  tartar,  and 
reduced  in  large  earthen  crucibles  heated  in  a  wind  furnace.  The 
metal  obtained  by  tbis  process  is,  with  the  exception  of  a  certain 
admixture  of  iron,  tolerably  pure,  and  is  at  once  ready  for  tbe 
market.  Instead  of  thus  expelling  tbe  sulphur  by  roastmg,  and 
subsequently  reducing  the  oxide  formed,  the  reduction  of  tbe 
sulpburet  is  often  directly  effected  by  frision  witb  metallic  iron  in 
a  reverberatory  furnace  furnished  with  a  concave  bearth. 

According  to  Berthier,  an  excellent  product  of  metallic  antimony 
is  obtained  from  a  mixture  of  100  parts  of  purified  sulpburet,  60 
of  iron  scales  from  the  hammer  or  rolling  mill,  from  45  to  50  of 
carbonate  of  lime,  and  10  to  12  of  powdered  charcoal.  !EVom  these 
proportions,  a  yield  of  nearly  70  per  cent,  of  antimony  is 
reaoily  procured.  The  antimony  obtamed  by  this  process  is  not, 
however,  sufficiently  pure  for  many  commercial  purposes,  as  it 
Contams  large  quantities  of  iron  and  other  substances,  whidi  aie 
separated  by  a  second  fusion  with  a  mixture  of  antimonic  acid  in 
large  earthen  crucibles. 

In  works  where  antimonial  ores  are  smelted  by  means  of  crude 
bitartrate  of  potash,  the  scoriiB  which  cover  the  surface  of  the 
metal  are  not  thrown  away,  as  thej  retain  a  certain  proportion  of 
antimony  in  combination,  from  which  a  secondary  product  con- 
stituting a  coarse  kind  of  Kermes  Mineral  is  obtained.  These 
sla^  consist  of  sulphide  of  potassium  and  antimoniate  of  potasl^ 
and,  on  being  treated  with  water,  undergo  a  decomposition  by 
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which  the  kermes  is  precipitated :  this,  under  the  name  of  kennde 
by  the  dry  way,  is  sold  as  a  veterinary  medicine. 

At  Mafbosc,  in  the  department  of  Ardeche  in  France,  the  sepa- 
ration of  the  sulphuret  of  antimony  from  its  associated  sangue, 
is  effected  by  means  of  a  peculiar  apparatus,  of  which  ng.  169 

represents  a  verticu  sec- 
tion. For  this  purpose 
the  mineral  is  placea  in 
large  retorts,  b,  of  which 
four  are  set  in  each  fur- 
nace. An  aperture  is  left 
at  the  bottom  of  each 
of  these  cylinders,  which 
corresponds  with  a  similar 
opening,  by  which  they 
are  supported.  Beneath 
these,  in  separate  ehaifr' 
bers,  0,  are  situated  the 
earthen  pots,  p,  in  whidi 
is  received  the  melted  sut 

S buret  in  proportion  as  it 
escends  &omthe  cylind^lB 
above. 

The  fuel  consumed  on 
the  grate  consists  of  fir  wood,  and  the  sulphuret  obtained  is 
converted  into  metallic  antimony  by  roasting  in  a  reverberatory 
furnace,  and  subsequent  reduction  by  a  mixture  of  20  per  cent,  of 
pulverised  charcoal,  which  has  been  saturated  with  a  strong  solu- 
tion of  carbonate  of  soda. 

The  brittleness  of  this  metal  prevents  its  being  extensively 
employed  in  a  pure  state,  but  its  alloys,  which  are  very  numerous, 
are  much  used.  The  most  important  of  these  is  type  metal,  which 
consists  of  6  parts  of  lead  and  2  of  antimony :  common  stereo- 
type metal  is  composed  of  6  of  antimony  and  1  of  lead.  Britannia 
metal  is  also  a  compound  of  the  same  class,  containing  variable 
quantities  of  copper,  tin,  bismuth,  and  antimony.  Antimony,  in 
tne  form  of  a  soluble  tartrate  of  antimony  and  potash,  is  the  tartar 
emetic  of  the  apothecary ;  and  antimony  with  a  mixture  of  lead 
forms  the  alloy  on  which  music  is  engraved. 
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Equiv.  =  76.    Density  =  6-88. 

Absekic  is  a  brittle  metal,  of  an  iron-grey  colour,  and  possessing 
a  strong  metallic  lustre.  "When  heated  to  S6^  Fahr.  it  sublimes 
without  first  entering  into  fusion,  and  at  the  same  time  emits  an 
odour  strongl3r  resembling  that  of  garlic.  In  close  vessels  it  may 
be  sublimed  without  change ;  but,  if  air  be  admitted,  it  is  rapidly 
converted  into  a  white  oxide.  According  to  Hahneman,  this 
metal  is  slowly  oxidised  and  dissolved  by  beinp^  boiled  in  distilled 
water.  When  exposed  to  air  and  moisture,  it  generally  acquires 
on  its  surface  a  dark  film,  which  is  extremely  superficial ;  but  it 
has  been  observed  by  Berzelius,  that  some  specimens  may  be  kept 
in  open  vessels  for  several  years  without  losmg  their  lustre,  whilst 
others  are  in  a  short  time  oxidised  throughout  their  whole 
substance,  and  fall  into  powder.  This  difference  has  been  recently 
accounted  for  by  supposing  it  to  arise  from  the  p^sence  of  potas- 
sium derived  from  the  black  flux  employed  in  its  preparation* 
The  metal  obtained  by  the  sublimation  of  commercial  cake  arsenic 
is  not  subject  to  this  oxidation  by  exposure  to  the  atmosphere. 
The  product  of  this  spontaneous  change  appears  to  be  a  mixture 
of  oxide  and  metallic  arsenic,  and  is  known  on  the  Continent 
under  the  name  of  fly-powder. 

Arsenic  is  a  highly  combustible  body,  and  bums  with  a  bluish- 
white  flame  and  the  formation  of  arsenious  acid,  AsOs.  This 
oxide,  which  is  generally  known  bv  the  name  of  white  arsenic,  is 
the  most  common  preparation  of  this  body.  It  is  obtained  by 
roasting  in  a  reverberatory  furnace  the  more  common  ores  of 
arsenic.  The  arsenic  of  commerce  is  procured  during  the  treat* 
ment  of  mispickel,  the  arsenical  ores  of  tin,  arsenical  minerals  of 
cobalt,  and  some  of  the  ores  of  copper,  containing  this  body  in 
<;oinunction  with  sulphur. 

The  determination  of  arsenic,  when  existing  in  the  form  of 
arsenious  and  arsenic  acid,  is  variously  effected  according  to  the 
nature  of  the  other  bodies  contained  in  the  solution.  If,  in  addi- 
tion to  arsenic  add,  the  liquor  only  contains  nitric  acid,,  without 
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any  traces  of  other  fixed  matter,  it  is  mixed  with  a  weighed  qtum- 
tily  of  pure  oxide  of  lead  which  has  been  preyiouslj  heated  to 
redness  in  a  porcelain  crucible.  The  solution  is  now  evaporated 
to  dryness,  and  the  residue  ignited  and  weighed.  The  quuiti^  of 
arsenic  acid  originally  present  is  obtained  by  deducbing  from 
the  weight  of  the  igmted  residue  that  of  the  oxide  of  lead  added 
at  the  commencement  of  the  operation.  In  order  that  this  prooeaa 
should  succeed,  it  is  of  course  necessary  that  no  other  acid  be 
present  which,  by  uniting  with  the  oxide  of  lead,  is  capable  of 
forming  a  compound  not  decomposed  at  a  red  heat :  the  preeenoe 
of  ammonia  is  equally  detrimental  to  the  accuracy  of  this  method  of 
estimation.  The  separation  of  arsenic  from  other  bodies  is 
effected  by  the  same  means  as  are  employed  to  eliminate  anti- 
mony from  solutions  containing  other  metals ;  but,  from  the  simi- 
larity in  the  behaviour  of  these  substances  when  treated  by  the 
different  reagents,  great  difficulty  is  experienced  in  separating 
them  from  each  other.  This  difficulty  is  still  further  increased 
when  tin  is  also  present.* 

Arsenious  acic^  when  treated  with  charcoal,  becomes  reduced  to 
the  metallic  state.  The  metallic  arsenic  of  commerce  is  i>repared 
by  decomposing,  by  the  aid  of  heat,  the  mineral  called  mispickel, 
as  also  from  the  other  ores  containing  arsenic  in  combination  with 
iron  and  sulphur.  Por  this  purpose  the  pounded  ore  is  placed  in 
earthen  retorts  4  ft.  6  in.  in  length,  and  about  a  foot  in  diameter, 
in  which  some  pieces  of  old  iron  are  introduced,  with  a  view  to 
more  effectually  retaining  the  combined  sulphur.  Beceivers  are 
now  adapted  to  the  different  retorts,  which  are  moderately  heated 
by  a  fire  placed  beneath  them ;  the  mineral  is  thus  decomposed 
into  sulphuret  of  iron,  which  remains  in  the  retort,  and  into 
metallic  arsenic,  which  ia  sublimed  and  condensed  in  the  receivers. 
The  arsenic  obtained  in  this  way  is  purified  by  asecond  distill  ation 
with  a  small  quantity  of  powdered  charcoal. 

Arsenic  is  used  in  small  quantities  in  the  preparation  of  various 
alloys,  and  particularly  in  the  manufacture  of  shot.  When  mixed 
with  lead  in  the  prqportion  of  about  one  per  cent.,  it  is  found  not 
only  to  impart  to  it  a  certain  degree  of  hardness,  which  is  advan- 
tageous, but  it  likewise  gives  to  it  a  tendencrr  to  form  into 
regular  globules,  which  much  fiftcilitates  the  manumcture. 

Arsenious  acid,  the  white  arsenic  of  commerce,  is  prepared 
by  roasting  certain  arsenical  ores,  such  as  those  of  iron,  nickel, 
and  cobalt,  as  also  from  the  arsenical  fumes  condensed  in 
the  flues  leading  from  furnaces  in  which  the  roasting  of  tin 

*  For  the  best  method  of  sepamting  theie  metals,  aee  I^meniiia,  QoAiititatiTe 
Analysis,  §180,  p.  846. 
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ores  is  conducted.  The  substance  firom  which  the  arsenious  acid 
is  to  be  prepared  is  usuallj  heated  on  the  sole  of  a  reverberatory 
furnace,  through  which  a  ciirrent  of  air,  after  passing  through 
th^  gT»te,  is  allowed  to  play.  By  this  treatment  the  sulphur  is 
converted  into  sulphurous  acid,  wnich  escapes  through  the  chimney 
whilst  the  arsenious  acid  at  the  same  time  produced  is  condensed 
in  proper  chambers  placed  in  the  flues  for  that  purpose.  To 
obtain  pure  arsenious  acid,  the  first  products  thus  directly  pro- 
cured by  sublimation  are  subjected  to  »  second  treatment  in  cast 
iron  tubes  provided  with  wrought  iron  receivers.  Freshly-pre- 
pared arsemous  acid  assumes  the  appearance  of  a  perfectly  trans- 
parent solid  mass,  but  by  exposure  it  becomes  transformed  into  an 
opaque  body  resembling  porcelaiur 

Arsenious  acid  is  largely  employed  to  give  a  peculiar  porcelain- 
like hue  to  glass  ware.  It  is  likewise  extensively  used  in  the 
preparation  of  various  pigments,  among  which  may  be  mentioned 
orpiment,  or  king's  yellow,  and  realgar,  which  is  another  sulphuret 
of^a  fine  red  colour.  Arsenious  acid  is  also  extensively  employed 
in  the  manufacture  of  ei.ier^dd  green — an  acetorarsenite  of  copper 
much  used  by  paper-staiaers. 
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Equiv.  =  10007.    Density  =  13-568. 

Mbbcubt,  or  Quicksilver,  differs  from  all  the  other  metals  in  being 
liquid  at  ordinary  temperatures.  It  has  a  silver-white  colour, 
with  a  strong  metallic  lustre,  and  is  not,  if  quite  pure,  tarnished 
by  exposure  in  the  cold  to  a  moist  atmosphere.  If,  however,  it 
contams  traces  of  other  metals,  the  amalgam  is  rapidly  oxidised, 
and  the  surface  of  the  bath  quickly  covered  by  a  grey-coloured 
powder.  This  metal  is  solid  at  a  temperature  of  39°  or  40**  below 
zero,  and  is  then  both  ductile  and  malleable.  In  polar  latitudes 
the  cold  is  sometimes  so  intense  as  to  cause  the  congelation  of 
mercury,  but  a  similar  result  may  be  obtained  by  a  freezing 
mixture  composed  of  ether  and  solid  carbonic  acid.  The  same 
effect  is  also  produced  by  a  mixture  of  pounded  ice  and  crystal- 
lised  chloride  of  calcium.  If  a  rather  large  quantity  of  mercury 
be  operated  on,  and,  after  being  placed  in  a  platinum  crucible,  it 
be  gradually  exposed  to  a  proper  refrigerating  mixture,  distinct 
octahedral  crystals  are  readily  obtained.  The  merciuy  in  this 
case  becomes  congealed  around  the  sides  of  the  vessel ;  and,  in. 
pouring  out  the  portion  which  still  retains  its  liquidity,  briUiaat 
crystals  belonging  to  the  cubic  system  are  found  coating  its  sides. 
Considerable  contraction  is  likewise  observed  to  take  pkce  at  the 
moment  of  congelation ;  for  while  its  density  at  47^  is  13545, 
that  of  frozen  mercury  amounts  to  15*612. 

Mercury  is  sometimes  adulterated  with  lead  and  bismuth ;  but 
such  impurities  may  be  readily  detected,  both  by  the  want  of 
fluidity  of  the  mixture,  and  also  from  its  leaving  a  residuum  when 
sublimed  in  an  iron  spoon.  The  tension  of  mercurial  vapour  is 
sensible  at  ordinary  temperatures,  although,  from  being  extremely 
feeble,  it  cannot  be  estimated  with  a  great  degree  of  precision. 
That  mercury  is  volatile  at  common  temperatures  is  readily  per^ 
ceived  by  suspending  a  sheet  of  gold  leaf  in  the  upper  part  of  a 
bottle  in  the  bottom  of  which  a  little  of  this  metal  has  been  placed. 
On  removing  this  arrangement  to  a  cool  place,  and  allowing  it  to 
remain  a  few  days  without  being  disturbed,  that  part  of  the  gold 
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which  is  nearest  to  the  surface  of  the  mercury  will  be  found  to 
have  become  whitened  by  its  vapour,  whilst  that  portion  of  the 
sheet  which  is  in  the  highest  part  of  the  bottle  remains  unaltered, 
as,  from  the  feeble  volatUitj  of  this  metal  at  ordiuarj  temperatures, 
its  vapour  merely  forms  an  extremely  thin  stratum  immediately 
over  the  surface  of  the  metallic  bath. 

The  mercury  of  commerce,  when  it  comes  directly  from  the 
mine,  is  in  most  instances  nearljr  pure,  but  is  sometimes  contami- 
nated by  dissolving  small  quantities  of  other  metals,  and  almost 
invariably  contains  a  greater  or  less  amount  of  oxide,  which 
becomes  disseminated  throughout  the  mass.  With  a  view  to  the 
separation  of  these  impurities,  mercury  is  frequently  distilled 
from  an  iron  retort,  and  again  condensed  in  a  vessel  containing 
cold  water.  For  this  purpose,  one  of  the  wrought  iron  bottles  in 
which  quicksilver  is  imported  may  be  conveniently  employed. 
One  of  these,  after  being  about  half  filled  with  the  metal,  should 
have  attached  to  it  a  piece  of  iron  gas-pipe  bent  nearly  at  ri^ht 
angles,  and  furnished  at  its  open  extremily  with  a  tube  formed  of 
several  layers  of  linen  or  cotton  doth,  and  of  which  the  end  is 
made  to  plunge  into  a  basin  containing  cold  water.  The  open 
extremity  of  the  iron  pipe,  together  with  the  piece  of  linen  hose 
attached,  are  moistened  by  a  constant  stream  of  cold  water,  which 
is  made  to  flow  upon  it  through  a  small  stop-cock,  and  the  iron 
bottle  is  heated  in  a  furnace  until  the  vapour  of  mercury  beeins 
to  be  plentifully  given  off.  The  ebullition  of  the  metfd  is  olben 
attenqed  with  violent  explosions,  and  care  must  be  taken  so  to 
regulate  the  heat  as  to  prevent  the  projection  of  any  part  of  the 
charge  through  the  iron  tube  into  the  receiver.  By  operating  in 
this  way,  the  greater  portion  of  the  foreign  metals  are  retained  in 
the  retort,  whilst  the  mercury  passes  over  in  a  purified  state  into 
the  vessel  containing  the  cold  water.  A  certain  portion  of  the 
impurities  is,  however,  by  this  process  carried  over  into  the 
receiver ;  and  consequently,  when  an  absolutely  pure  specimen  is 
required,  their  separation  should  be  effected  by  some  other  means. 
The  best  method  of  doing  this  is  to  treat  the  mercury  to  be 
purified  with  common  nitric  acid  diluted  with  about  twice  its 
volume  of  distilled  water.  The  whole  is  then  heated  to  about 
110°  Fahr.,  and  nitrate  of  protoxide  of  mercury  will  be  rapidly 
formed.  This  nitrate  and  the  free  acid  react  on  the  foreign 
metals  present,  which  are  held  in  solution  in  the  form  of  salts. 
Anj  oxide  of  mercury  originally  present  is  also  dissolved  by  the 
nitric  acid  with  formation  of  a  nitrate.  The  action  is  contmued 
during  twenty-four  hours,  and  the  mixture  occasionally  agitated. 

Lastly,  the  water  is  separated  by  evaporation  ;  and  the  nitrate, 
which  remains  in  the  form  of  a  crystalline  crust  on  the  surface  of 
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the  metal,  is  removed.  The  metallic  mercury  is  now  separated^ 
and,  after  being  washed  with  distilled  water,  is  first  dried  with 
bibulous  paper,  and  subsequently  by  exposure  under  a  bell-glsfls 
to  the  desiccating  influence  of  caustic  lime. 

When  mercury  is  merely  soiled  by  a  slight  admixture  of  oxide, 
it  is  readily  removed  by  brisk  agitation  in  a  glass  bottle  with  a 
small  quantity  of  strong  sulphuric  acid.  By  this  treatment  the 
metal  is  divided  into  extremely  small  globules,  which  expose  a 
large  surface  to  the  action  of  the  acid.  At  the  expiration  of  from 
three  to  four  days  the  acid  may  be  poured  off,  and  the  purified 
mercury  washed  and  dried. 

Mercury  is  not  attacked  by  strong  hydrochloric  acid^  even  when 
its  action  is  aided  by  ebuUition.  Dilute  sulphuric  acid  likewise 
fiskils  to  dissolve  it ;  but  if  concentrated  acid  be  employed,  it  is, 
with  the  aid  of  heat,  rapidly  converted  into  sulphate  of  mercuiy, 
and  gives  off  an  abundant  supply  of  sulphurous  acid  gas.  Nitnc 
acid  attacks  this  metal  with  great  energy  even  in  the  cold ;  sdcI, 
when  moderately  diluted  with  water,  binoxide  of  nitrogen  is  plen- 
tifully evolved. 

Mercury  combines  with  great  readiness  with  certain  other 
metals,  such  as  gold,  silver,  zinc,  tin,  lead,  and  bismuth,  and 
forms,  when  in  suitable  proportions,  solutions  of  those  metals. 
These  mercurial  alloys  are  called  amalgams,  and  this  property  of 
the  metal  is  extensively  employed  in  extracting  gold  and  silver 
from  their  ores,  as  well  as  in  gilding,  plating,  and  the  manufacture 
of  looking-£:lasses.  Mercury  is  besides  the  basis  of  many  powerfiil 
and  valuable  medicines,  and  is,  on  account  of  its  great  density, 
and  the  regularity  of  its  expansion  and  contraction  under  the 
influence  of  increased  and  diminished  temperature,  preferred  to 
all  other  liquids  for  filling  the  tubes  of  thermometers  and 
barometers.  This  metal  is  likewise  employed  for  anatomical 
injections,  and,  when  united  with  tin  and  zinc,  forms  the  best 
exciter  which  can  be  applied  to  the  rubbers  of  electrical  machines. 
Nitrate  of  mercury  is  employed  as  a  wash  for  rabbit  and  hare- 
skins,  and  gives  to  their  fiirs  the  property  of  felting,  which  they  do 
not  naturally  possess. 


OBES  07  HEBCITBY. 

Bfatlve  QnleksttTer;  Mercure  natif;  Quecksilber,  in  fluid 
globules,  disseminated  through  the  gangue,  occurs  in  most  of  the 
mines  producing  the  different  mercurial  ores.  It  is  usually  much 
dissemmated  in  the  rock,  but  is  sometimes  bo  accumulated  in 
canties  as  to  admit  of  being  readily  dipped  up. 
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Solphnret  i»f  MereniT;  Mercure  mljure;  Zinnoher,  —  This 
substance  crystallises  in  rhombobedral  prisms,  but  most  commonly 
occurs  in  an  amorphous  state.  Sulphuret  of  mercury  is,  properly, 
speaking,  the  only  ore  of  that  metal,  and  is  distinguished  by  its 
dull  red  colour  and  bright  scarlet  streak.  Its  lustre  is,  when' 
amorphous,  immetallic  ;  but  when  crystallised,  adamantine.  It  is 
readily  sectile,  and  in  most  instances  nearly  opaque. 

Two  specimens  of  this  mineral,  analysed  by  Klaproth  and 
Lebererz,  yielded  the  following  results : — 

From  Japan,  From  Idria, 

analysed  by  Klaproth.    analysed  by  Lebererz. 


Mercury  ....    84i'50 
Sulphiir    ....     14-75 
Bituminous  matter 
Gbngue     .... 
Water 


51-80 
8-20 
6-80 

32-00 
3-20 


99-25  10200 

It  follows  that  this  substance,  when  pure,  consists  of  one  atom 
of  mercury  united  to  one  of  sulphtir ;  and  its  composition  is, 
therefore,  expressed  \)j  the  formula  HgS.  Cinnabar  mostly 
occurs  in  connection  with  talcose  and  argillaceous  shale,  or  in 
some  other  stratified  deposit.  From  the  volatility  of  this  mineral 
it  is  not  found  in  large  quantities  in  crystalline  or  igneous  rocks, 
although  small  specimens  have  sometimes  been  observed  dissemi- 
i^ated  in  granite.  When  the  ores  of  mercury  are  met  with  in 
stratified  rocks,  they  are  usually  found  in  the  form  of  veins  or 
lodes  ;  but  when,  as  is  sometimes' the  case,  the  matrix  is  sandstone, 
they  are  commonly  disseminated  in  minute  grains  throughout 
the  mass. 

The  principal  mines  from  which  mercury  is  extracted  are  at 
Idria  in  Austria,  Almaden  in  Spain,  in  the  Palatinate,  on  the 
Rhine,  and  in  various  places  in  rem.  Mines  of  this  metal  have 
also  been  worked  in  Mexico,  Hungary,  Sweden,  China,  and  Japan,: 
as  well  as  at  Arqueros  in  Chili. 

At  Idria  the  sulphuret  of  mercurjr  is  worked  in  a  formation 
chiefly  composed  of  a  compact  black  limestone  associated  with  an 
argillaceous  schist,  with  which  it  is  so  intimately  mixed  as  to 
appear  to  have  been  formed  contemporaneously  with  it.  The 
mines  of  Idria  were  discovered  in  the  year  1497.  The  workings 
are  carried  on  by  means  of  small  galleries,  as  the  rock  is  too 
friable  to  admit  of  larger  excavations.  The  ore,  which  is  prin- 
cipally bituminous  cinnabar,  associated  with  native  mercury,  is 
obtained  at  a  depth  of  850  feet  from  the  surface.  The  yearly 
production  of  this  mine  might,  according  to  Dr.  Ure,  be  easily 
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raised  to  600  British  tons ;  but,  with  a  view  to  maintainiiig  liie 
price  of  mercury,  the  Austrian  goTemment  has  restricted  its 
aDnual  yield  to  one-fourth  of  that  sum.  In  the  year  1803,  a  moot 
disastrous  fire  occurred  in  these  workings,  which,  from  the  quan- 
tity of  mercury  sublimed,  affected  more  than  900  persons  in  ihm 
neighbourhood  of  the  mines  with  nervous  tremblings  and  otiier 
dis^ues ;  and,  in  order  to  extinffuish  the  smouldering  galleiwa, 
it  was  found  necessary  to  inundate  the  mine.  In  some  places 
natiye  mercury  is  so  abundantly  disseminated  among  the  ore  and 
bituminous  scnist  that,  when  the  ground  is  first  broken,  it  escapes 
in  the  form  of  large  globules,  which  run  down  and  collect  in  con* 
siderable  quantities  in  the  bottoms  of  the  leyels.  The  pure  mer> 
cury  is  first  separated  by  filtration  from  the  earthy  matters,  which 
are  afterwards  mechanically  treated  preyious  to  their  reduction  in 
furnaces  prepared  for  that  purpose. 

From  the  mines  of  Almaden,  which  are  situated  near  the  frontier 
of  Estremadura,  in  the  province  of  La  Mancha,  the  Greeks  are 
said  to  haye  imported  cinnabar  at  least  700  years  before  the 
Christian  Era,  and  Pliny  states  that  in  his  time  100,000  lbs.  were 
annually  obtained  from  the  same  locality.  The  yein,  which  yariea 
from  14  to  16  yards  in  thickness,  extends  from  the  town  of 
Chillon  to  Almadenejos,  and  a  black  slate,  plentifully  impress 
nated  with  metallic  mereury,  is  mined  near  the  riyiuet  -Baloe 
A^ogues. 

The  mines,  which  do  not  exceed  300  yards  in  depth,  are 
excayated  in  acgillaceous  schist,  and  sandstone-grit  deposited  in 
horizontal  beds,  which  have  been  sometimes  intersected  by  erup- 
tions of  granite  and  black  porphyry.  The  ore  thus  extracted 
yields  by  metallurgic  treatment  on  an  average  10  per  cent,  of 
metal,  although  it  is  shown  by  analysis  that  considerable  loss  is 
experienced  during  the  operation.  These  mines  annually  afllbrd 
large  quantities  of  mereury. 

Near  these  celebrated  workings  lie  those  of  Las  Cuebas  and  Alma- 
denejos, which,  although  of  much  smaller  extent,  still  produce  con- 
siderable weights  of  mercury.  The  mines  of  this  district,after  h&ying 
been  known  from  remote  antiquity,  became  the  property  of  the  reli- 

S'ous  knights  of  Calatraya,  who  had  assisted  m  drivmg  out  the 
[oors  from  Spain,  and  who  farmed  off  these  deposits  to  the  cele- 
brated Pugger  merehants  of  Augsbourg.  Since  the  year  1645  thej 
haye  been  explored  on  account  of  the  goyemment. 

The  mines  of  the  Palatinate,  although  of  less  extent  than  the 
aboye,  are  neyertheless  of  sufi&cient  importance  to  merit  the  atten- 
tion of  the  goyemment,  by  which  they  are  &rmed  out  to  private 
speculators.  These  workings,  which  are  numerous,  and  situated 
ill  varions  geological  positious,  are  seldom  prosecuted  at  bmj 
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Qonsidemble  depth  from  the  surface.  Among  the  most  remarkable 
are  those  of  Drej-Koenigszug,  at  Potzberg  near  Kussel.  These 
are  sunk  to  a  depth  of  above  220  yards,  and  annually  produce 
about  30  tons  of  mercury.  The  mineitd  is  a  fine  sandstone, 
strongly  impregnated  with  cinnabar. 

The  mines  of  Hungary,  Bohemia,  and  the  other  parts  of  Ger- 
many, are  estimated  to  yield  collectively  an  annual  supply  of  from 
35  to  40  tons. 

The  mines  of  Ouancavelica  in  Peru,  have  likewise  afforded  a 
large  amount  of  mercury,  and  are  particularly  interesting,  from 
the  circumstance  of  the  quicksilver  being  directly  employed  in 
treating  the  ores  of  gold  and  silver,  wUch  are  so  abundantly 
fi&mished  in  that  part  of  America. 

The  South  American  miners  had  recourse,  in  1782,  to  the  mer- 
cury extracted  in  the  province  of  Yun-nan  in  China,  where  the 
separation  of  the  metal  is  effected  by  placing  the  ore  in  pits  or 
wells,  previously  heated  by  a  fire  of  brushwood.  On  cooling,  the 
quicksdver  becomes  condensed,  and  is  then  collected  from  reser- 
voirs, where  it  is  deposited  in  a  liquid  state. 

The  other  minerals  containing  mercury  are  of  but  little  com- 
mercial importance.  Chloride  of  mercury,  or  horn  quicksilver,  is 
a  mineral  of  a  greyish-white  or  yellow  colour,  and  conchoidal 
fracture.  It  is  chiefly  found  at  Almaden  in  Spain,  and  at  Moschel- 
landsberg  in  the  Palatinate,  where  it  covers  the  surface  of  a  ferru- 
ginouB  sangue,  and  sometimes  affords  distinct  and  well-defined 
crystal  belonging  to  the  right  prismatic  system.  Specimens  of 
this  mineral  are  also  sometimes  ODtained  at  Idria^  and  at  the  mine 
of  Horzowitz  in  Bohemia. 

An  iodide  of  mercury  is  found  in  some  of  the  Mexican  mines ; 
its  colour  is  nearly  simdar  to  that  of  cinnabar,  but  of  a  somewhat 
deeper  tint.  This  mineral,  which  was  discovered  by  M.  del  Eio, 
has  not  as  yet  been  fiilly  examined. 

Native  amalgam,  a  natural  alloy  of  mercury  and  silver,  will  be 
described  when  treating  of  the  latter  metaL 
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This  metal  is  either  directly  estimated  in  the  metallic  state,  or 
in  the  form  of  chloride,  HgtCl,  commonly  known  as  calomel.  When 
it  is  required  to  separate  with  great  accuracy  metallic  mercury  from 
the  substances  with  which  it  may  be  associated,  the  following 
method  can  be  conveniently  employed.  A  long  tube  of  hard  glass, 
a  6,  of  the  same  diameter  as  that  employed  for  making  organic 
analyses,  is  drawn  out  by  one  of  its  extremities,  in  the  way  shewn 
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in  fig.  170,  and  in  tbis  part  a  bulb,  B,  is  so  blown  as  to  be  between 
two  parts  of  the  narrowed  tubing.     The  contraction  at  a  is  now 

slightly  plugged  with  a 
bit  of  asbestos,  so  as  to 
allow  of  a  free  circu- 
lation of  gas,  whilst  it 
170.  prevents  any  solid  mat- 

ter from  being  drawn  into  the  smaller  elongation  between  a  and  B. 
Powdered  quick-lime  is  afterwards  introduced  into  the  tube, 
and  slightly  tightened  with  a  piece  of  the  glass  rod,  care  being  at 
the  same  time  taken  that  the  aperture  be  not  hermetically  closed ; 
the  mercurial  product  to  be  examined  is  then  introduced  at  e,  and 
its  weight  accurately  noted.  When  the  substance  has  thus  been 
deposited  in  the  situation  above  indicated,  the  remainder  of  the 
tuDe  is  filled  with  quick-lime,  and  its  end  closed  with  a  perforated 
cork,  into  which  a  piece  of  small  glass  tubing  is  accurately  fitted. 
The  prepared  tube  is  now  placed  in  an  ordinary  combustion  fur- 
nace, and  a  current  of  dry  hydrogen  gas  introduced  by  the  ex- 
tremity h.  The  part  of  the  tube  between  h  and  c  is  first  warmed, 
and  the  heat  progressiyely  advanced  in  the  direction  of  a.  The 
mercurial  product  is  by  this  treatment  decomposed,  and  the 
volatile  metal  being  carried  forwards  by  the  current  of  hydrogen 
gas,  is  condensed  and  collected  in  the  bulb  b,  prepared  for  that 
purpose.  A  small  quantity  of  watery  vapour  is  also  generaily 
condensed  at  the  same  time,  but  by  a  contmued  evolution  of  diy 
hydrogen  gas  this  is  ultimately  carried  off  in  the  form  of  vapour. 
At  the  close  of  the  experiment,  when  the  whole  of  the  mercmy 
has  been  condensed,  and  the  watery  vapour  has  all  passed  off,  the 
tube  on  either  side  of  the  bulb  b  is  cut  with  a  sharp  file,  and  the 
bulb  itself  accurately  weighed  with  the  mercury  it  contains.  The 
metal  is  then  poured  out,  and,  for  the  sake  of  accuracy,  any  portions 
which  may  still  adhere  to  the  glass  are  removed  by  washmg,  first 
with  a  little  nitric  acid,  and  subsequently  with  distilled  water. 
After  being  thoroughly  dried,  the  bulb  is  again  weighed,  md  on 
subtracting  the  weignt  of  the  empty  glass  from  the  result  first 
obtained,  the  quantity  of  reduced  mercury  is  at  once  ascertained. 
In  conducting  this  experiment,  it  is  of  importance  that  a  large 
quantity  of  moisture  should  not  be  contained  in  the  substance 
operated  on,  as  by  its  condensation  in  the  bulb,  and  subsequent 
evaporation,  a  sensible  amount  of  mercury  is  firequently  carried 
off.  K  the  mercurial  product  should  iu  any  form  contain  nitric 
acid,  copper  turnings  must  be  substituted  for  Hme  in  the  com- 
bustion tube,  in  oraer  to  decompose  the  nitrous  vapours  which 
would  otherwise  attack  the  mercury  collected  in  the  bulb  b. 
When  soluble  mercurial  products  are  to  be  examined^  this  metal. 
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together  with  all  the  others  present,  which  are  precipitated  by 
smphuretted  hydrogen,  are  thrown  down  in  the  form  of  sulphurets 
by  that  reagent,  and  afterwards  treated  with  quick-lime  and  dry 
hydrogen  gas,  in  the  way  above  described.  The  sulphuret  of 
mercury  is  decomposed,  and  the  metal  collected  in  the  receiver,  b, 
whilst  the  non- volatile  bodies  are  retained  in  the  combustion  tube. 

Instead  of  separating  the  mercury  from  its  solution  by  sulphu- 
retted hydrogen,  protochloride  of  tin,  or  a  bar  of  metallic  iron,  is 
occasionallv  employed  ;  but  even  in  this  case,  if  accurate  results 
are  to  be  obtained,  it  is  necessary  to  distil  the  precipitate  in  the 
apparatus,  fig.  170. 

When  protochloride  of  tin  is  thus  used,  the  mercurial  solu- 
tion should  be  first  rendered  acid  with  hydrochloric  acid,  and 
a  solution  of  the  chloride  added,  in  which  hydrochloric  acid  had 
been  previously  poured,  until  it  had  been  rendered  perfectly 
limpid.  This  precaution  obviates  the  necessity  for  filtration, 
which  would  otherwise  have  been  indispensable.  When  this 
reagent  is  added  in  proper  amounts,  the  whole  should  be  heated 
to  ebullition,  care  being  taken  that  the  boiling  be  not  too  long 
continued,  as  in  that  case  there  would  be  some  danger  of  a  loss 
of  mercuiy,  arising  from  sublimation.  The  mouth  of  the  flask  in 
^hich  the  precipitation  has  been  effected  is  now  closed,  and  on 
cooling,  the  mercury  is  deposited  in  the  form  of  a  black  powder, 
which,  on  being  boiled  with  a  little  weak  hydrochloric  acid, 
becomes  united  in  one  globule,  from  which  the  liquor  is  readily 
decanted  off.  This  may  be  washed  with  hot  water,  and  subse- 
quently weighed  in  a  small  porcelain  capsule ;  but  where  great 
accuracy  is  required  it  is  far  better  to  dry  the  black  powder  at 
first  precipitated,  and  afterwards  subject  it  to  the  combined  action 
of  heat  and  hydrogen  gas,  in  the  apparatus  above  described. 

The  precipitation  by  a  bar  of  iron  is  to  be  avoided  in  all  cases 
where  other  reagents  can  be  obtained,  and  in  this  case  a  subse- 
quent distillation  in  an  atmosphere  of  hydrogen  gas  becomes 
dbmost  indispensable. 

Am«7  of  the  •res  of  Mercury. — All  minerals  containing  mer- 
cury, whether  in  the  metallic  state,  or  as  oxide,  sulphuret,  sele- 
niuret,  chloride,  or  iodide,  admit,  after  being  reduced  to  a  fine 
powder,  of  hems  assayed  with  considerable  accuracy,  by  distil- 
lation with  quicK-lime,  in  an  atmosphere  of  hydrogen  gas ;  but 
when  cinnabar  is  the  compound  operated  on,  it  may  sometimes  be 
distilled  without  change  by  being  strongly  heated,  without  the 
addition  of  any  reagent,  in  a  hard  glass  retort.  From  the  sublimed 
sulphuret,  which  is  collected  and  weighed,  the  per-centage  of 
metallic  mercury  is  readily  deduced,  as  every  100  parts  of  the 
former  is  found  to  correspond  to  86  parts  of  the  latter.  The  ores 
containing  sulphuret  of  mercury  are,  however,  not  unfrequently 
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amociated  with  carbonate  of  lime  and  bitmninoiu  matter,  and  it 
therefore  often  happens  that  a  little  metallic  mercurr  is  liberated 
during  the  distillation.  This,  it  is  evident,  wouldi  Titiate  the 
results  obtained,  in  proportion  as  the  quantity  is  more  or  less 
considerable.  When  metallic  mercury  has  been  in  this  waj  libe- 
rated, the  mixture  of  the  reduced  metal  and  cinnabar  is  first  weighed 
in  the  state  in  which  it  has  been  deposited^  and  subsequently 
treated  with  dilute  nitric  acid,  by  which  the  free  metal  is  m* 
solved,  whilst  the  sulphuret  remains  intact.  The  weight  of  this  is 
now  tiiken,  and  from  it  the  amount  of  dissolyed  mercury  is  a8oep> 
tained  by  difference.  To  this  is  added  the  weic^ht  of  sulphur 
necessary  to  convert  the  whole  into  cinnabar,  which,  added  to  the 
amount  of  sulphuret  actually  found,  gives  the  per^^ntage  of 
cinnabar  originally  contained  in  the  mineral  examined. 

This  method  of  estimating  the  value  of  ores  containinfi;  sulplmrei 
of  mercury,  is,  however,  much  less  accurate  than  distillation  with 
Hme  in  a  current  of  hydrogen  gas,  and  the  results  obtained  should 
therefore  be  regarded  as  being  no  more  than  an  approximation, 
which  may  in  some  cases  be  of  value,  when  the  means  of  conduct- 
ing a  more  careful  experiment  are  not  readily  to  be  procured. 
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The  ores  treated  are  here  divided  into  two  classes :  the  minenJ 
in  lumps  varying  from  the  size  of  a  nut  to  a  cubic  foot,  and  those 
fragments  of  which  the  size  ranges  from  that  of  a  nut  to  the  finest 
dust. 

The  first  class  comprises  three  subdivisions;  namely,  the  poorest 
species,  affording  only  one  per  cent,  of  mercury ;  the  massive  sul- 
pburet,  consisting  of  the  richest  selected  fragments,  often  contain- 
ing 80  per  cent,  of  metal ;  and,  lastly,  the  splinters  arising  fri>m 
the  pickiDg  and  sorting  of  the  different  ores,  and  which  yi^d 
from  1  up  to  40  pOT  cent. 

The  second  class  \a  also  subdivided  into  three  varieties,  sod 
comprises  the  fragments  extracted  frx)m  the  mine  in  small  pieces, 
and  which  on  an  average  afford  from  10  to  12  per  cent,  of  metellie 
mercury ;  bits  of  ore  separated  by  washing  on  a  sieve,  and  ocm- 
taining  32  per  cent,  of  metal ;  and  lastly,  the  fine  sand  and  paste 
called  sehliehy  obtained  by  stamping  and  washing  the  poorer  ores : 
this  generally  affords  a  produce  a  httle  superior  to  8  per  cent. 

The  metallurgic  treatment  of  these  several  products  consists  la 
subjecting  them  to  a  process  of  roasting  in  a  larpe  distiUatoiT 
apparatus,  in  which  the  sulphur  is  converted  into  sulphurous  acta, 
whilst  the  metallic  mercury  is  set  free  said  condenseiLmiaf 


TREATMENT  OF  lOSBCUXIAL  0BE8  AT  IBBIA. 


457 


of  large  chambers  arranged  on  either  side  of  the  fumaoe  for  that 
plumose. 

This  a{>paratus  consists  of  a  large  roasting  kiln,  a,  figs.  171  and 
172,  furnished  on  either  side  with  a  series  en  chambers,  o,  in  which 
the  mercurial  vapours  are  condensed. 


172. 

The  larger  fragments  of  the  mineral  treated  are  closely  piled  on 
the  hollow  arch  a  a,  until  the  space  between  it  and  the  next  has 
been  entirely  filled  with  it.  On  the  second  perforated  arch, 
6  6,  are  placed,  in  shallow  earthenware  pipkins,  tne  fragments  of 
smaller  dimensions,  and  on  the  third,  c  c,  are  deposited,  also  in 
earthen  vessels,  the  slimes  arising  from  the  mechanical  treatment 
of  the  poorer  ores. 

When  the  furnace  has  been  thus  charged,  the  fire  is  lighted  on 
the  grate,  and  the  heat  progressively  raised  until  the  decomposi- 
tion of  the  mineral  begins  to  take  place.  The  sulphuret  of  mer* 
cury,  placed  in  immediate  contact  with  a  current  of  heated  and 
strongly  oxidising  air,  which  enters  the  furnace  through  apertures 
opening  into  the  spaces  o,  h,  is  sublimed  and  rapidly  decomposed, 
whilst  the  metallic  productis  are  conducted  by  proper  channels 
into  the  condensing  chambers  o.  The  greater  portion  of  the 
mercury  becomes  condensed  in  the  three  first  chambers,  and  is 
conducted  by  the  gutters  xyz.s/  y'  z'  into  a  covered  reservoir, 
prepared  for  its  reception  beneath  the  level  of  the  floor.  In  the 
last  chamber  of  the  series,  a  considerable  amount  of  water,  and 
but  very  little  mercury,  is  condensed.    These  products  ftre»  jQn 
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account  of  the  impiirities  which  thej  contain,  carried  off  br  a 
separate  set  of  gutters,  to  a  tank,  in  which  they  are  allowed  to 
accumulate.  The  mercurial  dust  which  contaminates  the  metal 
obtained  firom  these  latter  chambers  is  subsequently  separated  by 
filtration,  and  mixed  with  some  of  the  finer  ores,  to  be  again 
treated  in  the  furnace. 

In  order  effectually  to  condense  the  last  trace  of  mercuiy  pasa- 
ing  through  the  apparatus,  a  stream  of  cold  water  is  constantlY 
made  to  flow  through  the  chambers  n,  on  inclined  tables,  extend- 
ing nearly  from  one  wall  to  the  other  of  the  building,  and  between 
these  the  vapour  and  gases  are  obliged  to  circulate  before  escaping 
through  E  into  the  atmosphere. 

The  mercury  is  afterwards  filtered  through  thick  linen  bags,  to 
separate  the  solid  impurities,  and  subsequently  packed  in  wrought 
iron  bottles  for  exportation. 

This  arrangement,  which  is  perhaps  the  largest  metallurgic 
erection  in  the  world,  is  charged  in  three  hours  by  the  united 
labour  of  40  men.  The  wood  employed  as  fuel  is  usually  beech, 
and  the  distillation  lasts  from  10  to  12  hours,  during  which  time 
the  whole  furnace  is  kept  at  a  cherry-red  heat.  A  complete  charge 
for  the  double  apparatus  is  from  1000  to  1200  quintals  of  ore, 
which  produce  from  80  to  90  quintals  of  metallic  mercury.  The 
furnace  requires,  according  to  the  season  of  the  year,  from  fire  to 
six  days  to  cool,  and  therefore,  when  the  time  necessary  for  charg- 
ing and  withdrawing  the  residue  is  included,  but  one  distillation 
can  be  made  in  the  course  of  a  week.  This  furnace  is  180  feet 
long,  and  80  feet  in  height ;  it  was  first  erected  at  Idria,  in  the 
year  1794,  before  which  time  an  aludelle  fiimace,  similar  to  that 
now  to  be  described,  was  employed. 

In  the  year  1812,  the  mines  of  Idria  yielded  56,686  quintals  of 
mechanically  prepared  ore,  which  afforded  4,832  quintals,  or  about 
8^  per  cent,  of  metallic  mercary^. 


ALUDELLE  FUBKAGB  07  ALMADEIT. 

This  apparatus  is  represented  in  figs.  173  and  174,  of  which  the 
fijrst  is  a  vertical  section,  and  the  second  a  sectional  plan.  Theae 
furnaces,  which  are  called  in  the  country  buytrones,  consist  of  a 
circular  chamber,  a  b,  separated  into  two  compartments  by  a  biick 
arch,  k,  pierced  with  numerous  apertures.  The  mineral  is  piled  in 
the  space  b,  above  the  arched  diaphragm,  the  larger  masses  being 
placed  first,  and  the  smaller  fragments  afterwards.  The  top  is  then 
covered  with  soft  bricks,  formed  of  day,  kneaded  with  fine  schlich. 
At  the  upper  extremit^r  of  the  cavity  b,  is  arranged  a  system  of  open- 
ings,/ which  communicate  with  a  series  of  earthen  adapters,  fitted 
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mto  eacb  other,  and  resting  on  the  doublj  inclined  surface  of  the 
terrace  a  be.     These  earthen  pipes  or  aludelles,  fig.  175,  are  merely 
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174. 
thrust  into  one  another,  and  luted  with  a  little  softened  loam,  by 
which  the  leakage  of  the  joint  is  partially  obviated.  The  con- 
densed mercury  partly 
remains  in  the  aludelles, 
but  another  and  larger 
portion  flows  through  a 
hole  pierced  in  the  alu- 
delle  placed  at  the  lowest 
part  of  the  series,  and  is  collected  in  the  gutter  6,  by  which  it  is 
conducted  through  wooden  spouts  into  the  receiving  basins  r  /. 
The  uncondensed  gases,  mixed  with  the  mercurial  vapours,  pass 
through  the  apertures  c  c,  into  the  chambers  c,  where,  passing 
unacr  a  diaphragm  e,  a  certain  portion  of  metal  is  deposited  in  a 
vessel  t,  filled  with  water.  What  still  remains  passes  into  the  upper 
part  ol  the  chamber,  from  whence  it  escapes  into  the  atmosphere 
through  a  small  chimney,  £.  The  mercurial  soot  which  accumu- 
lates ou  the  sides  of  this  chamber  is  occasionallv  swept  down, 
and  afler  being  kneaded  into  bricks  with  the  addition  of  sofibened 
clay,  is  again  Seated  in  a  subsequent  operation.  Digitized  byCjOOQlc 
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The  fuel  employed  is  bruahwood,  which  bemg  ignited  in  the 
apace  a,  beneath  the  arched  diaphragm,  affords  the  amount  of  heoik 
necessary  for  the  proper  working  of  the  furnace.  The  aludelles 
are  placed  in  12  ranges  of  25  in  each  set ;  the  fuel  is  introduced 
through  the  opening  n,  and  the  smoke  and  other  products  of  com- 
bustion are  carried  off  bj  the  chimney  f.  a  are  the  steps  for 
mounting  on  the  top  of  the  furnace,  and  ff  a  small  gutter  b^  which 
the  rain  water  is  carried  off.  The  mineral  is  introduced  mto  the 
furnace  through  the  door  A  and  opening  (v  whidi  are  afterwards 
seciurely  luted  up. 

The  firing  is  continued  during  12  or  13  hours,  and  tibie  apparatus 
is  then  allowed  to  cool  during  3  or  4  days;  at  tiie  expintion 
of  which  time  it  is  cleaned  out,  and  again  charged  for  another 
operation. 

GALLEBT    OF    THl    PALATIKATB.  —  APPABATITB     BMFLOTXB    AT 
LAin>SBEBe. 

In  the  Buchy  of  Deux-Ponts,  where  considerable  quantities  of 
mercury  are  extracted,  a  peculiar  apparatus  called  a  ^dlery  is  em- 
ployed. The  mineral  here  treated  consists  of  a  mixture  of  sul- 
phuret  of  mercury  and  carbonate  of  lime,  which  is  heated  in  a  kind 
of  earthen  retort,  or  cucurbit,  of  which  several  are  arranged  in  one 
furnace,  as  shown  in  fig.  176.  The  number  of  cucurbits,  a,  con- 
tained in  one  gallery,  varies 
from  30  to  52,  and  to  each  of 
these  is  adapted  a  stone-waie 
receiver,  b,  partially  filled  with 
cold  water.  Into  each  of  the 
retorts  are  introduced  from 
56  to  70  lbs.  of  cinnabar,  and 
from  15  to  18  lbs.  of  quick- 
lime, a  mixture  which  should 
fill  about  two-thirds  of  its 
capacity. 

The  sulphuret  of  mercury 
is  in  this  case  decomposed  by 
the  lime;  sulphuret  of  calcium 
andsulphateof  limeareformed» 
and  the  liberated  metal  is  con- 
176.  deused  in  the  stoneware  bot- 

tles. The  fuel  employed,  which  is  pit  coal,  is  burnt  on  a  grate 
which  is  situated  at  o.  The  dome  is  perforated  with  openings  for 
the  purpose  of  creating  a  draught. 

To  obviate  the  inconvenience  and  loss  experienced  by  the  older 
methods  of  distilling  mercury,  an  apparatus  was  ^«cted  Jn  1847, 
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by  Dr.  Ure,  at  Landsberg,  near  Obermoschel,  in  the  Bayarian 
Bhein-kreis.  This  arrangement  consists  of  a  series  of  retorts  of 
the  form  indicated  at  a,  fig.  177.    These  are  set  in  masonry,  pre- 


177. 


cisely  in  the  same  way  as  those  employed  in  the  manufacture  of 
coal  gas,  and  are  fitted  at  one  end  with  an  eduction  tube  h,  and  at 
the  other  with  an  air-tight  stopper,  kept  in  its  place  by  an  iron 
screw.  The  eduction  pipes  are  each  fimiished  with  a  nozzle,  l; 
closed  by  a  screw  plug,  tnrough  which  a  wire  may  be  introduced, 
to  ascertain  that  toe  tube  is  clean,  and  free  from  any  obstruction 
occasioned  by  adherinc;  mercurial  soot.  In  connection  with  the 
pipes  6,  is  a  mrge  conoenser  c,  of  cast  iron,  18  inches  in  diameter, 
and  filled  with  water  to  |},  a  Httle  above  the  level  of  the  pipes.  It 
is  also  furnished  with  a  water  valve,  g,  by  which  any  d^iger  of 
explosion,  caused  by  the  mounting  of  the  hquid  into  the  retorts,  is 
entirely  prevented,  and  the  temperature  is  further  reduced  by 
placing  the  pipe  in  a  large  wooden  trough  t,  through  which  a  cur- 
rent of  cold  water  is  constantly  made  te  flow.  The  cylinder  c  is 
likewise  made  slightly  to  incline  towards  n,  so  that  the  condensed 
quicksilver  may  readily  flow  along  its  bottom,  and  passing  through 
tne  vertical  pipe,  be  collected  in  the  closed  iron  chest  e,  which 
is  secured  by  a  lock  at  A.  The  tube  n,  is,  from  the  commence- 
ment, closed,  at  bottom,  by  dipping  into  a  shallow  iron  cup,  fiUed 
with  mercurv,  and  the  progressive  accumulation  of  the  quicksilver 
is  indicated  by  the  position  of  the  graduated  iron  float  k.  These 
retorts,  like  those  employed  in  the  manufacture  of  gas,  are  con- 
stantly maintained  in  a  uniform  state  of  ignition,  and  thus  the 
damage  done  to  the  joints  is  entirely  obviated.  Each  retort  will 
contain  a  charge  of  ore  weighing  5  cwt.,  from  which  the  metal  is 
almost  totally  expelled  in  the  course  of  three  hours. 

This  apparatus  is  evidently  much  superior  in  principle  to  those 
already  described,  and  is  particularly  adapted  for  the  treatment  ot 
tiieridier  varieties  of  ore.  r  -  ^^^i^ 
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Equiv.  =  103-66.    Density  =  11*85. 

LxJLD  is  a  soft  metal  of  a  blueisb-grej  colour,  and,  when  recentlj 
cut,  possesses  a  strong  metallic  lustre :  on  exposure  to  the  air  it 
becomes  rapidly  tarnished,  and  acquires  a  superficial  coating  of 
the  carbonate  of  the  protoxide.  ^ 

Lead  is  both  malleable  and  ductile,  possessing  the  formed  pro- 
perty to  a  considerable  degree  ;  but  its  tenacity  is  inferior  4o  that 
of  nearly  all  the  other  ductile  metals.  It  is  flexible  and  inelastic, 
and  fuses  at  about  612''  Fahr.  When  slowly  cooled,  imperfect 
octahedral  crystals  are  readily  obtained.  At  a  red  heat,  lead  be- 
comes sensibly  volatile,  but  not  to  a  sufficient  extent  to  admit  of 
its  distillation. 

When  kept  in  a  state  of  fusion  in  contact  with  the  air,  raptd 
oxidation  takes  place.  At  first  the  surface  of  the  metallic  bath 
becomes  covered  by  an  iridescent  pellicle,  which  is  quickly  con- 
verted into  a  powder  of  a  reddish-yellow  colour.  At  a  red  heat 
this  oxidation  of  the  metal  proceeds  with  great  rapidity ;  and  it 
becomes  necessary,  in  order  to  continue  the  operation,  that  the 
oxide  which  gradually  melts  should  be  drawn  on  for  the  purpose 
of  exposing  a  fresh  metallic  surface. 

Lead,  exposed  to  the  influence  of  a  damp  atmosphere,  quickly 
absorbs  oxygen,  and  when  acid  vapours  are  likewise  present  this 
action  is  much  accelerated.  This  oxidation  of  the  metal  is  induced 
even  by  the  presence  of  the  weakest  acids,  and  particularly  by 
carbomc  acid,  which  gives  rise  to  the  formation  of  an  oxide  whico, 
by  subsequently  combining;  with  the  acid  present,  affords  a  white 
carbonate  of  lead.  Even  oistilled  water,  from  its  affinity  for  oxide 
of  lead,  determines  the  oxidation  of  that  metal ;  and  from  this 
cause  leaden  cisterns  are  rapidly  corroded  when  used  as  reservoirs 
for  pure  water.  A  bar  of  lead,  placed  in  distilled  water  and 
exposed  to  the  air,  rapidly  becomes  coated  with  a  white  coating  of 
hydrated  oxide,  which  subsequently  absorbs  carbonic  acid,  and  is 
thus  converted  into  a  hydrated  carbonate  of  lead,  which  frequently 
forms  distinct  nacreous  scales  on  the  surface  of  the  metal.  In 
these  cases  the  water  is  invariably  found  to  hold  a  portion  of  lead 
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in  solution,  which  is  readily  proved  by  its  becoming  brown  on 
passing  through  it  a  current  of  sulphuretted  hydrogen  gas. 

From  the  tendency  exhibited  by  lead  to  form  soluble  salts, 
it  ought  never  to  l>e  used  for  the  manufacture  of  tanks  in 
which  water  for  domestic  purposes  is  to  be  kept,  as,  from  the 
poisonous  nature  of  these  compounds,  the  worst  effects  have  fre- 
quently resulted. 

The  action  of  water  on  lead  is,  however,  found  to  be  much 
diminished  by  the  presence  of  small  quantities  of  various  salts, 
and  particularly  sulphate  of  lime,  which  has  the  property  of 
almost  entirely  preventing  the  oxidation  and  solution  of  this 
metaL 

The  lead  of  commerce  often  approaches  chemical  purity,  and  is 
then  extremely  soft  and  maUeaole.  When  lead  oi  still  greater 
purity  is  required,  it  may  be  procured  by  reducing  in  a  lined  cru- 
cible oxide  of  lead  obtamed  by  the  decomposition  of  crystallised 
nitrate  of  lead.  Lead  is  but  teehlj  attacked  by  hydrochloric  acid, 
even  when  concentrated  and  boiling.  Weak  sulphuric  acid  doea 
not  act  on  lead  when  the  air  is  excluded ;  but  if  neated  in  strong 
sulphuric  acid,  sulphurous  acid  is  evolved  and  sulphate  of  lead 
formed.  The  only  proper  solvent  for  lead  is  nitric  acid,  which 
oxidises  it  rapidly,  and  forms  with  its  oxide  a  salt  readily  crystal- 
lising on  cooling  in  opaque  octahedrons. 


OSES  OF  LEAD. 

Lead  is  rarely  found  in  a  native  state,  but  is  usually  in  combina- 
tion with  one  of  the  non-metallic  elements,  particuWly  sulphur. 
It  also  occtirs  with  oxygen,  selenium,  arsenic,  tellurium,  and  various 
acids.  The  ores  of  lead,  with  the  exception  of  plumbo-resinite, 
are  fusible  before  the  blowpipe,  and  when  fluxed  with  a  little  car- 
bonate of  soda  on  a  charcoal  support,  yield  a  globule  of  metallic 
lead.  The  metal  thus  obtained  passes  off  in  fumes  when  heated  in 
the  outer  flame,  and  stains  the  charcoal  of  a  yellow  colour. 

Bfattve  Lead. — The  characters  of  native  lead  are  precisely  similar 
to  those  of  ordinary  commercial  lead.  It  is  a  rare  substance,  of 
which  specimens  nave  been  found  associated  with  galena  in  the 
county  of  Kerry,  Ireland ;  and  in  an  argillaceous  rock  near  Car- 
thagena,  in  Spain.  Native  lead  has  also  been  procured  at  Alston 
Moor,  in  Cumberland,  where  it  occurs,  disseminated  with  galena^ 
in  a  siliceous  rock. 

•xlde  of  Lead ;  Massicot;  Bleiglatte, — Is  a  pulverulent  mineral 
of  a  bright  red  colour,  sometimes  mixed  with  yellow,  and  is  a  mix- 
ture of  different  oxides  of  lead,  affording  a  metallic  globule  when 
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beated  on  m  ehnooal  support  before  tlie  blowpipe.  It  iibiii% 
occurs  associated  with  galena^  and  is  found  in  sauul  quantities  in 
manj  lead  mines,  particularly  in  those  near  Aix-WCbapeUe, 
and  at  Grass  Chapel,  in  Yorkshire.  From  the  comparatiYelj  small 
quantities  of  this  ore  which  occur,  it  is  of  but  little  practical  im- 
portance to  the  metallurgist. 

CUarlde  af  Iica« ;  Plwnb  chlarure ;  Salzsaurea  Blei  worn  Men^ 
—Chloride  of  lead  occurs  in  the  Mendip  Hills,  in  the  fonn  of 
lamellar,  shining  masses,  of  a  ffreyish-white  colour.  It  is  ususllj 
found  deposited  on  a  matrix  of  black  oxide  of  manganese,  and  hat 
a  specific  gravity  of  7'07.  When  treated  before  the  blowpipe,  it 
decrepitates,  and  fuses  into  a  globule  of  a  yeUowish-wlute  colour: 
if  heated  on  a  charcoal  support,  metallic  lead  is  obtained.  Its 
primitive  form  appears  to  be  a  right  rhombic  prism  under  an  angle 
of  102°  27'.  Tub,  although  an  exceedingly  rare  mineral,  is  lil^ 
wise  found  in  the  lavas  of  Vesuvius. 

flvlyharetaflicatf;  GaUna;  Oalene;  Bleiglane, — ^This  mineral 
crystallises  in  the  cubic  system,  and  occurs  both  in  the  primitive 
and  variouslv  modified  forms.  Its  cleavage,  which  is  r^ulily  ob- 
tained, is  cubic,  and  extremely  perfect.  It  more  rarely  occurs  in 
a  finely  granular  state,  and  is  sometimes  found  in  fibrous  masses. 
Compact  specimens,  although  occasionally  met  with,  are  of  oompik 
ratively  rare  occurrence.  Its  colour  and  streak  are  lead-crey; 
fragile ;  lustre  metallic ;  specific  gravity  firom  7'5  to  7*7.  When 
pure,  it  is  composed  of  lead  86'55,  and  sulphur  13*45.  Its  coofr- 
position  is  represented  bv  the  formula,  PbS.  The  lead  in  this 
mineral  is  almost  invariably,  to  a  greater  or  less  extent,  associated 
with  silver,  which  appears  to  leplaoe  it  according  to  the  laws  of 
isomorphiflm.  When  silver  is  thus  present  in  the  ore,  it  receives 
the  name  of  argentiferous  galena,  and  becomes  a  valuable  source 
of  that  metal. 

The  analysis  of  an  argentiferous  galena  firom  Schemnita  afforded 
to  Beudant  the  following  results : — 

Lead 70-00 

Silver 7*00 

Sulphur 18-40 

100-00 

It  also  frequently  happens  that  galena,  in  addition  to  the  sal- 
phuret  of  suver,  likewise  contains  variable  quantities  of  the 
sulphurets  of  antimony  and  bismuth.  The  fint  of  these  sub- 
stances  often  appears  to  alter  in  a  certain  degree  the  characters  of 
the  mineral ;  and  those  specimens  of  which  the  lamins  are  eurvedt 
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as  well  as  those  which  present  a  bright  steely  fracture,  will  gene- 
raUy,  on  examination,  be  found  to  contain  this  metal. 

The  yeins  producing  galena  occur  in  granite,  limestone,  argiUa- 
oeous,  and  sandstone  rocks,  and  frequently  yield  at  the  same  time 
ores  of  copper,  silver,  and  zinc.  The  matrix  on  which  this  ore  has 
been  deposited  is,  in  most  cases,  either  quartz,  carbonate  of 
lime,  fluor  spar,  or  sulphate  of  baryta.  The  rich  lead  mines  of 
the  West  of  England  occur  in  clay-slate ;  those  of  Derbyshire, 
and  the  other  northern  districts,  nre  situated  in  limestone, 
which  also  contains  the  extensive  deposit  of  Bleyberg,  and 
the  neighbouring  districts  of  Carinthia.  In  the  Upper  Hartz, 
and  at  Frizibram  in  Bohemia,  the  lead  mines  are  found  in  clay- 
slate  ;  at  Freyberg  in  Saxony,  in  gneiss ;  at  Sahla  in  Sweden,  m 
crystallised  limestone ;  and  at  Lead  Hills  in  this  country,  in  grau- 
wacke.  Valuable  deposits  of  galena  are  also  worked  in  various 
parts  of  France,  and  particularly  at  Huelgoat  and  Poullaouen,  in 
Brittany ;  at  Pontgibaud,  Puy-de-D6me,  and  at  Yillefort  in  the 
department  of  Lozere.  In  Spain,  sulphuret  of  load  is  extracted  in 
Catalonia,  Grenada,  the  granite  hills  of  Linares,  and  elsewhere. 
In  the  Netherlands,  galena  occurs  at  Vedrin,  not  far  from  Namur ; 
in  Savoy  ;  Bohemia ;  at  Joachimstahl,  where  the  ore  is  principally 
worked  for  silver;  and  in  Siberia,  where  argentiferous  galena 
occurs  in  limestone  in  the  Daouria  mountains.  Extensive  deposits 
of  this  ore  likewise  occur  in  the  United  States  of  America,  parti- 
cularly in  those  of  Missouri,  Illinois,  Iowa,  and  Wisconsin. 

Cuproplumbite  is  a  variety  of  galena  containing  24*5  per  cent. 
of  sulphuret  of  copper.     It  is  a  rare  mineral,  obtained  from  Chili. 

Dufrenoynte  is  an  arsenical  ore  of  a  dark  steel-grey  colour,  from 
the  dolomite  of  St.  Gothard. 

Seleniuret  of  lead ;  Claustkalite  is  a  mineral  of  a  lead-grey 
colour  and  granular  fracture.  When  heated  before  the  blowpipe, 
it  gives  off  the  odour  of  horse-radish.  It  occurs  in  quantities  too 
small  to  render  it  of  any  practical  value  as  an  ore  of  lead. 

CarboDAte  %t  Lemd  ;  Plomb  carbonate  ;  Blei  Carbonat. — This 
mineral  is  characterised  by  its  white  colour  and  adamantine  lustre. 
It  is  found  in  acicular  crystals,  in  radiated  and  compact  masses,  in 
concretions,  and  in  earthy  deposits.  All  these  varieties,  with  the 
exception  of  the  last-mentioned  species,  possess  the  peciiliar  lustre 
belonging  to  white  lead.  It  sometimes  happens  that  crystallised 
specimens  of  this  substance  are  nearly  black :  this  arises  from  the 

Sresence  of  small  quantities  of  sulpniu^t,  probably  due  to  the 
ecomposition  of  galena,  with  whicn  carbonate  of  lead  is  usuaUy 
found  associated.  It  is  an  extremely  brittle  mineral,  and,  when 
amorphous,  exhibits  a  conchoidal  fracture.  When  treated  with 
nitric  acid,  it  dissolves,  with  evolution  of  carbonic  acid  gas :  before 
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the  blowpipe  it  decrepitates,  but  when  heated  on  a  charcoal  sup- 
port, afFords  a  button  of  metallic  lead.  Its  specific  gravity  varies 
from  6-46  to  6-48. 

Two  specimens  of  this  mineral  afforded  on  analysis  the  follow- 
ing per-centage  numbers : — 

Crystals  from  Lead  Hills,  Crystals  from  Teesdak, 

by  Klaproth.  by  J.  A.  Phiilipt. 

Protoxide  of  lead  .     82      ......      83-56 

Carbonic  acid   .     .     16      ......       16-62 


98  100-07 

These  results  indicate  a  carbonate  of  lead  having  the  formula 
PbO,COj.  The  amorphous  and  friable  varieties  are  generally 
more  or  less  contaminated  by  siliceous  and  earthy  impurities. 
This  mineral  is  found  in  splendid  cn'stals  at  Lead  Hills,  "Wan- 
lockhead,  and  in  some  of  the  Comisli  mines,  as  well  as  in  many 
other  localities.  AV^hen  abundant,  it  forms  a  most  valuable  ore  of 
lead,  and  frequently  \aeld8  above  75  per  cent,  of  that  metal.  From 
its  dissimilarity  to  the  other  ores  of  lead,  it  was  for  a  long  time 
considered  by  miners  to  be  of  no  value ;  but  large  quantities,  which 
had  been  formerly  buried  in  rubbish,  are  at  the  present  time  being 
excavated  and  worked  with  great  advantage  in  many  of  the  Spanish 
mines,  as  also  at  different  points  of  the  valley  of  the  Mississippi, 
in  the  United  States  of  America. 

The  white  lead  of  commerce,  so  extensively  used  as  a  pigment, 
is  a  carbonate  of  lead  containing  variable  quantities  of  the  hydrated 
oxide  of  the  same  metal.  For  this  purpose  it  is  prepared  arti- 
ficially by  exposing  metallic  lead  cast  mto  thin  bars  to  the  united 
action  of  acetic  and  carbonic  acids,  by  which  means  the  sub-acetate 
at  first  formed  is  rapidly  changed  into  carbonate  by  the  presence 
of  a  large  excess  of  carbonic  acid.  The  acetic  acid  employed  is 
usually  obtained  by  the  destructive  distillation  of  wood,  whilst  a 
constant  supply  of  carbonic  acid  is  procured  by  the  decomposition 
of  thick  layers  of  spent  bark  from  the  tan-yard.  The  lead  to  be 
operated  on  is  laid  over  pots  containing  the  dilute  acetic  acid, 
and  after  being  loosely  covered  with  boards,  is  buried  in  tan  to 
the  depth  of  about  10  inches ;  on  this  is  again  placed  another 
series  of  pots  containing  acetic  acid :  these  are  covered  by  a  second 
layer  of  tan,  and  so  on  until  8  or  10  layers  have  been  placed  in 
the  stack,  which,  from  the  fermentation  which  is  rapidly  set  up, 
soon  begins  to  evolve  large  quantities  of  carbonic  acid.  This 
action  or  working  of  the  stack  continues  during  from  10  to  12 
weeks,  and  when  it  has  nearly  ceased,  the  layers  of  tan,  lead,  and 
pots  are  successively  removed,  and  the  white  lead  formed  beaten 
from  the  surface  oi*  the  unattacked  metal  to  which  it  adheres. 
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This  is  now  ground  in  a  mill  ^ith  a  due  admixture  of  water,  and 
when  it  has  assumed  the  form  of  an  impalpable  paste  is  run  off 
into  large  reservoirs,  where  it  deposits  in  accordance  with  its 
density.  The  wet  lead,  after  being  removed  from  these  cisterns, 
is  first  dried  in  large  stoves  by  a  steam  heat,  and  subsequently 
ground  in  oil  for  the  market. 

Sulphate  of  Lemd ;  Plomb  BulfatS ;  Bleivitriol. — This  substance 
crystallises  in  right  rhombic  prisms,  which  have  an  imperfect 
lateral  cleavage,  and  are  offcen  slender  and  implanted.  Specimens 
of  sulphate  of  lead  in  amorphous  masses,  and  in  lamellar  and 
granular  fragments,  are  also  occasionally  found.  Its  colour  is 
white,  sometimes  inclining  to  grey  or  green.  Lustre  adamantine, 
vitreous,  or  resinous.  May  be  either  opaque  or  perfectly  trans- 
parent. When  pure,  it  consists  of  73  per  cent,  of  oxide  of  lead, 
and  17  of  sulphuric  acid.  If  heated  with  carbonate  of  soda  before 
the  blowpipe,  it  affords  a  globule  of  metallic  lead.  Its  composi- 
tion is  represented  by  the  formula  PbO,  SOj. 

This  mmeral  is  usually  associated  with  galena,  by  the  oxidation 
of  the  elements  of  which  it  appears  to  be  formed. 

Fine  specimens  of  this  ore  are  found  in  the  lead  mines  at 
Lead  Hills  and  Wanlockhead,  as  well  as  at  Huelgoat  in  Prance, 
and  in  the  States  of  Missouri  and  Wisconsin  in  America :  it  does 
not,  however,  occur  in  sufficient  quantities  to  be  regarded  as  an 
important  ore  of  lead.     Its  density  is  about  6'3. 

Cupreous  Anglente  is  a  hydrated  blue  double  sulphate  of  lead 
and  copper,  sparingly  found  at  Lead  Hills  and  Eoughton  Qill. 

Phosphate  of  Lead ;  Plomh phosphatd  ;  Buntbleierz, — This  mine- 
ral occurs  in  hexagonal  prisms  of  a  bright  green  or  brown  colour. 
These  crystals,  which  have  a  lateral  cleavage,  are  often  nearly 
transparent,  and  have  sometimes  a  fine  ora^e-yellow  colour, 
derived  from  the  presence  of  chromate  of  lead.  Tnis  mineral  has  a 
specific  gravity  varying  from  6'5  to  7-1,  and  affords  a  white  streak. 

Besides  being  found  in  crystals,  it  sometimes  occurs  in  globules 
and  reniform  masses,  with  a  radiated  structure.  The  composition 
of  two  specimena  of  this  substance  examined  by  Karsten  proved 
to  be  as  follows : — 


Phosphate  of  lead 
Chloride  of  lead 
Phosphate  of  lime    . 
Fluoride  of  calcium  . 

From  Bohemia. 
.     89-268     .     . 
.       9-918     .     . 
.      0-771     .     . 
.      0137     .     . 

From  Ck)mwall. 
.     89-110 
.     10074 
.      0-682 
.      0-130 

100094  99-996 

This  composition  indicates  the  presence  of  three  equivalents  of 
phosphate  of  lead  united  to  one  equivalent  of  the  chloride  of  the 
same  metal.    Phosphate  of  lead  is  found  in  many  of  the  le^e 
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mines  in  this  countiy,  and  particularly  in  those  of  ComwaU,  JjbbA 
Hills,  and  Waolockhead.  The  phosphate  of  lead  from  Huelgoot^ 
in  Brittany,  contains  large  quantities  of  alumina. 

Jrseniate  of  Lead  much  resembles  in  appearance  the  phospluUe 
of  that  metal,  but  when  heated  evolves  the  odour  of  garlic. 

A  double  phosphate  of  lead  and  lime,  containing  small  qiumtitki 
of  chlorine  and  arsenic,  has  been  found  in  Sweden. 

Chromate  of  lie«4  is  a  mineral  of  a  bright-red  colour,  whid 
crystallises  in  oblique  rhombic  prisms,  and  blackens  before  tfae 
blowpipe ;  when  heated  on  a  charcoal  support,  it  forms  a  shining 
slag  containing  numerous  globules  of  metallic  lead.  It  has  a 
specific  gravitjr  of  about  6',  and  when  treated  by  nitric  acid  afibsda 
a  yellow  solution. 

A  specimen  of  chromate  of  lead,  analysed  by  Berselius,  gave  the 
foUowmg  results : — 

Oxide  of  lead 6850 

Chromic  acid 31*50 

It  follows  from  the  above  numbers,  that  this  mineral  is  a  simple 
chromate  expressed  by  the  formula  FbO,  CrO,.  Chromate  of  lead 
is  the  chrome  yellow  of  painters,  but  is  for  this  purpose  artifidanv 
prepared  bv  adding  a  solution  of  chromate  of  potash  to  a  soiurie 
salt  of  lead.  It  occurs  in  small  quantities  only,  and  is  chidty 
obtained  from  Brazil  and  Beresof  in  Siberia. 

Plumbo-reslBlte  is  a  rare  ore  of  lead,  obtained  at  Huelgoat  m 
Brittany,  and  from  the  Missouri  mines  in  the  United  States  of 
America.  A  specimen  of  this  substance  from  Huelgoat,  analysed 
by  Berzelius,  was  found  to  be  constituted  as  follows : — 

Oxide  of  lead  4014.  Alumina  3700.  Water  1880.  InsohiUe 
gangue  2*60.  This  mineral  has  a  yeUowish  or  reddish-brown 
colour,  and  possesses  a  lustre  much  resembling  that  of  gum  arable. 

All  the  other  minerals  containing  lead  are  more  or  less  rare, 
and  in  no  instance  occur  in  sufficient  abundance  to  allow  of  being 
metallurgically  treated  as  ores  of  this  metal. 

ESTIMATIOir  OF  LEiO),  AJBTD  ITS  SEPABATIOIT  FBOM  OTHXB  M£TALS. 

This  metal  is  usually  estimated  by  chemists  in  the  form  of  sul- 
phate, although  it  is  sometimes  weig^hed  as  anhydrous  protoxida^ 
Lead  is  also  frequently  precipitated  from  its  solution  in  the  state 
of  carbonate  by  tne  addition  of  an  alkaline  carbonate.  The  pre- 
cipitate which  is  thus  obtained  is  afterwards  heated  to  redness  in 
a  porcelain  crucible  and  weighed  as  protoxide.  To  prevent  any 
error  which  might  occur  in  the  result  through  the  reduction  of 

'  Sulphate  of  lead  contamB  68*28  per  cent,  and  oxide  of  lead  92*82  peroent 
of  metalliclead. 
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any  portion  of  the  oxide  thus  ohtained,  a  drop  of  nitric  acid  should 
be  added  to  the  oxide  afiter  its  ignition ;  on  again  heating  this, 
the  nitrate  of  lead  at  first  j^roduced  is  entirely  decomposed,  and 
pure  protoxide  fit  for  weighing  is  the  result,  rrecipitated  carbo- 
nate of  lead  should  not,  however,  be  calcined  in  a  platinum  yessel, 
as,  howeyer  carefully  the  matter  may  haye  been  separated  from  the 
filter  on  which  it  has  been  collected,  small  filaments  of  the  paper 
are  liable  to  remain  in  contact  with  it,  and  these,  by  effecting  the 
redudion  of  a  portion  of  the  oxide,  would  cause  the  destruction 
of  the  yessel  in  which  the  operation  is  conducted.  In  calcining 
the  carbonate  employed  in  the  estimation  of  this  metal  it  should 
first  be  carefully  removed  from  the  filter,  which  is  to  be  burned 
apart,  and  its  ashes  added  to  the  calcined  carbonate ;  since,  if  this 
parecaution  were  not  attended  to,  a  large  proportion  of  the  result- 
ing oxide  would  be  reduced  by  the  carbon  of  the  filter.  When 
sulphate  of  lead  is  to  be  calcined,  the  operation  may  be  conducted 
in  a  platinum  crucible,  provided  that  the  portion  which  separates 
readuy  from  the  filter  be  alone  introduced.  The  filter,  with  its 
adhering  sulphate,  shotdd  then  be  placed  in  a  porcelain  crucible, 
and  igmted ;  to  the  residue  thus  obtained  a  drop  of  sulphuric  acid 
is  subsequently  added,  and  after  heating  to  redness,  the  residue 
may  be  considered  as  sulphate  of  lead,  and  its  weight  added  to 
that  of  the  portion  detached  from  the  filter  at  the  commencement 
of  the  operation. 

Lead  is  separated  firom  the  alkaline  metals  either  by  a  current 
of  sulphuretted  hydrogen  gas,  or  by  the  addition  of  a  soluble 
sulphate  or  carbonate.  It  is  separated  from  magnesia,  alumina, 
iron,  manganese,  chromium,  cobalt,  nickel,  zinc,  and  many  other 
bodies,  by  the  alkaline  sulphates  or  sulphuretted  hydro^.  Cad- 
mium and  copper  are  separated  from  lead  by  the  addition  of  an 
alkaline  sulphate  to  their  solution  in  nitric  acid.  From  titanium, 
lead  is  separated  by  passing  a  current  of  sulphuretted  hydrosen 
through  their  strongly  acid  solution,  by  which  means  the  lead  is 
entirely  precipitated  as  sulphuret,  whilst  the  titanium  remains  in 
solution.  Lead  is  separated  from  tin  by  first  precipitating  together 
the  two  metals  by  a  carbonated  alkau,  and  then  treating  the  cal- 
cined precipitate  with  nitric  acid.  By  this  means  the  oxide  of  lead 
is  dissolved  in  the  form  of  nitrate,  whilst  the  tin  remains  in  the 
state  of  insoluble  stannic  acid.  This  is  separated  by  filtration, 
washed  with  distilled  water,  dried,  and  weighed. 

ASSAY  OF  LEAD  OBSS. 

The  ores  of  lead  may,  for  the  purposes  of  assay,  be  divided  into 
twodassos. 

Digitized  by  LjOOQIC 


470  LSAD. 

The  Ist  class  comprehends  all  the  ores  of  lead  which  contain 
neither  sulphur  nor  arsenic,  or  in  which  these  bodies  are  present 
in  small  proportion  onljr. 

The  2nd  class  compnses  sulphuret  of  lead  or  galena,  together 
with  all  lead  ores  containing  arsenic,  or  sulphur  or  arsenic,  or  sul- 
phuric acid. 

From  the  facility  with  which  this  metal  is  sublimed  when 
strongly  heated,  it  is  necessary  to  conduct  the  assay  of  its  ores  al 
a  moderate  temperature,  as  a  notable  quantity  of  the  reduced  metal 
would  otherwise  be  driven  off  in  the  state  of  vapour. 

The  furnace  best  adapted  for  making  lead  assays  is  constructed 
similarly  to  that  used  for  the  fusion  of  the  ores  of  iron,  but  is  of 
much  smaller  dimensions.  For  this  purpose,  the  internal  cavity 
for  the  reception  of  fuel  should  be  9  inches  square,  and  the  height 
of  the  throat  from  the  fire-bars  about  13  inches.  For  ordinaiy 
ores,  a  furnace  8  inches  square  and  10  inches  in  depth  will  be 
found  amply  sufficient ;  but  as  it  is  extremely  easy  to  regulate  by 
a  damper  the  heat  of  the  larger  apparatus,  it  is  sometimes  found 
advantageous  to  be  enabled  to  command  a  higher  temperature. 

A  furnace  of  this  kind  should  be  connected  with  a  chinmey  cf 
at  least  30  feet  in  height,  and  requires  to  be  supplied  with  ^ood 
hard  coke,  broken  into  pieces  of  about  the  size  of  an  egg. 

Treatment  of  ttrea  of  theFirst  CIsm. — The  assay  of  oresbelonging 
to  this  class  is  a  very  simple  operation,  care  only  l)eing  required  that 
a  sufficient  amount  of  carbonaceous  matter  De  added  in  order  ta 
effect  the  complete  reduction  of  the  metal,  whilst  such  fluxes  tan 
supplied  as  will  afford,  by  combining  with  the  siliceous  or  earthj 
matter  present,  a  liquid  and  readilj  fusible  slag.  The  mineral  to 
be  assayed  is  first  pounded  in  an  iron  mortar,  and  passed  through 
a  sieve  of  fine  wire-gauze.  Those  portions  which  remain  on  m 
meshes  are  again  crushed  until  the  wnole  has  been  passed  through, 
since  if  this  were  not  attended  to,  a  fair  sample  oi  the  ore  could 
not  be  obtained,  as  the  more  sterile  portions  being  usually  tha 
hardest  are  the  last  to  become  sufficiently  crushed. 

When  the  particles  of  ore  have  been  properly  reduced  in  siie^ 
400  grains  may  be  weighed  out  and  well  mixed  with  600  grains  of 
dry  carbonate  of  soda,  and  from  50  to  60  grains  of  powdaned 
charcoal,  according  to  the  supposed  richness  of  the  mineral. 

This  is  now  introduced  into  an  earthen  crucible  of  such  a  uaxb 
as  to  be  not  more  than  two-thirds  filled  by  the  mixture,  and  on  the 
top  of  the  whole  is  placed  a  thin  layer,  either  of  carbonate  of  soda 
or  common  salt.  Tne  crucible  and  its  contents  are  then  placed  in 
the  furnace  and  gently  heated,  care  being  taken  so  to  moderate  the 
temperature  that  the  mixture  of  ore  and  flux,  which  soon  begins  to 
soften  and  enter  into  ebullition,  may  not  swell  up  and  flow  < 
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the  sides.  If  the  effervescence  becomes  too  strong,  it  must  be 
checked  bj  parfciallj  removing  the  crucible  from  the  fire,  and  also  by 
a  due  regulation  of  the  draught  by  means  of  the  damper. 

When  the  boiling  has  subsided  and  no  more  gas  is  given  off,  the 
heat  is  again  raised  during  a  few  minutes  and  the  assay  completed. 
Dunng  the  process  of  reducing  the  metallic  oxide  or  carbonate,  the 
heat  should  not  exceed  dull  redness :  but  in  order  to  complete  the 
operation  and  render  the  slags  sufficiently  liquid  to  admit  of  the 
accumulation  of  the  lead  in  one  button  at  the  bottom  of  the  cru- 
cible, the  temperature  must  be  increased  to  bright  redness. 

When  the  contents  of  the  pot  have  been  reduced  to  a  state  of 
tranquil  fusion,  it  must,  by  the  aid  of  proner  tongs,  be  removed 
from  the  fire,  and,  after  having  been  tapped  gently  against  some 
hard  body  to  collect  the  lead  in  a  single  globule,  be  set  aside  to  cool. 
When  the  operation  has  been  successfully  performed,  the  cooled 
alag  will  present  a  smooth  concave  surface,  with  a  distinct  vitreous 
lustre.  As  soon  as  the  crucible  has  become  sufficiently  cold,  it  is 
broken  and  the  button  of  lead  carefully  extracted.  To  remove 
from  it  the  particles  of  adhering  slag,  the  metallic  button  is  ham- 
mered on  an  anvil,  and  afterwards  washed  and  rubbed  with  a  hard 
brush.  If  any  portions  of  the  slag  adhero  so  finnly  as  not  to  adnlit 
of  being  readily  removed  by  mechanical  means,  it  may,  in  most 
instances,  be  separated  by  placing  the  button  for  a  short  time  in  a 
little  dilute  sulphuric  acid,  by  which  the  slag  is  dissolved,  whilst 
the  metallic  button  remains  unaffected.  When  the  ore  has  been 
properly  fluxed,  and  consequently  a  liquid  slag  obtained,  the  whole 
pf  the  metallic  lead  will  have  collected  in  one  mass  at  the  bottom 
io(  the  pot :  but  when  a  sufficiently  fluid  scoria  has  not  been  pro- 
daoed,  it  should  be  broken  down  in  an  iron  mortar,  and  the 
metallic  lead  separated  by  washing  and  decantation. 

Instead  of  employing  carbonate  of  soda  and  powdered  charcoal, 
the  lead  ore  may  be  fused  with  1^  times  its  weight  of  black  flux. 
And  the  mixture  slightly  covered  by  a  thin  layer  of  borax.    Very 
good  results  are  also  obtained  by  mixing  together — 
400  grains  of  ore ; 

400       „        carbonate  of  soda;  and 
200       „        crude  tartar. 

These  ingredients,  ^fter  being  perfectly  incorporated,  are  placed 
in  an  earthen  crucible  and  covered  with  a  thin  layer  of  borax. 

The  three  foregoing  methods  yield  equally  good  results,  and 
afford  slags  containing  but  a  very  small  portion  of  lead. 

The  assay  of  extremely  rich  lead  products  belonging  to  this 
class  may,  if  required,  be  conducted  without  the  use  of  any  kind 
of  flux,  as,  when  heated  to  redness  in  a  lined  crucible,  they  are 
readily  and  completely  reduced.  It  is,  however,  advisable  in  all 
I  to  add  about  10  per  cent,  of  carbonate  of  soda,  by  whi^' 
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adherence  of  any  metallic  globules  to  the  charcoal  lining  is  eflbc- 
tuallj  preyented.  This  method,  although  requiring  a  longer  time 
than  those  already  described,  does  not,  eyen  when  rich  ores  are 
operated  on,  afford  more  satisfactory  results. 

When  the  mineral  operated  on,  in  addition  to  lead,  oontsinB 
other  metals, — such  as  copper,  silyer,  tin,  or  antimonj,  the  button 
obtained  will  retain  a  greater  or  less  proportion  of  these  substances 
in  the  form  of  an  alloy.  If  zinc  be  present  in  the  ore,  traces  only 
of  that  metal  will  be  discoyered  in  the  resulting  button  of  lead, 
proyided  that  the  assay  has  been  sufficiently  heated :  this,  howeyer, 
carries  off  a  small  portion  of  the  lead.  The  oxide  of  iron  contained 
in  the  ore  is  also  reduced  to  the  metallic  state  during  the  assi^, 
but,  unless  too  strong  a  heat  has  been  employed,  it  remains  m 
suspension  in  the  slag.  For  commercial  purposes  the  remiiting 
buUon  of  lead  is  seldom  subjected  to  a  chemical  examination,  as 
the  purity  of  the  metal  is  usually  judged  of  in  accordance  with  its 
colour  and  softness ;  but  when  a  more  accurate  knowledge  of  its 
constituents  is  required,  it  must  be  made  to  undergo  the  usual 
routine  of  a  metallurgic  analysis.  The  foreign  carbonates  of  lead, 
which  are  largely  imported  into  this  country  from  Spain  and  some 
of  the  mines  in  South  Australia,  are  among  the  most  important 
minerals  belonging  to  this  class,  and  are  often  extremely  rich  in 
silver. 

Treatment  of  •res  of  the  Second  Class. — ^This  class  not  only  com- 
prehends galena,  which  is  the  most  common  and  abundant  ore  of 
lead,  but  also  comprises  the  sulphurets  resulting  from  yarious  metal- 
lurgical processes,  as  well  as  the  sulphates,  phosphates,  and  ara^* 
niates  of  that  metal. 

Galena, — The  assay  of  this  ore  of  lead  is  yariously  conducted  hj 
different  metalliu*gi8ts ;  but  one  of  the  following  metiioda  is  at 
present  most  commonly  employed  for  commercial  purposes. 

The  ore  to  be  examined,  after  haying  been  properly  crushed  «nd 
sifted,  is  fused  either — 

Firstly,  with  carbonate  of  soda,  black  flux,  or  cream  of  tartar  ; 

Secondly,  with  metallic  iron ; 

Thirdly,  with  carbonate  of  soda  or  black  flux,  and  iron ; 

Fourthly,  with  a  mixture  of  nitre  and  carbonate  of  soda. 

First  Method — Fusion  toith  an  Alkaline  Flux, — This  operation  is 
conducted  in  an  earthen  crucible,  which  is  to  be  left  uncoyered 
until  its  contents  are  reduced  to  a  state  of  tranquil  fusion. 

The  powdered  ore,  after  being  mixed  with  three  times  its  weight 
of  dry  carbonate  of  soda,  is  slowly  and  gradually  heated  in  an  ordi- 
nary assay  furnace  until  the  mixture  has  become  perfectly  liquid, 
when  the  crucible  is  removed  from  the  fire,  and,  after  having  been 
gently  tapped  to  collect  any  globules  of  metal  which  may  be  in 
suspension  in  the  slag,  is  set  aside  to  become  ccwL^^^lKheii  cokL 

Digitized  by  VjOOQIC 


ASSAY  Of  LXAD  0BE8.  478 

the  cracible  is  broken,  and  a  button  of  metallic  lead,  irhkh  must 
be  cleaned  and  weighed,  will  be  found  at  the  bottom. 

Instead  of  carbonate  of  soda,  carbonate  of  potash  or  black  flux 
may  be  used ;  but  when  the  last-named  substiemce  is  employed,  a 
little  longer  time  is  necessary  for  the  complete  fusion  of  the  mix* 
ture.  Every  100  parts  of  pure  galena  wiU  by  this  method  afford 
from  75  to  77  par^  of  metallic  lead,  indicating  a  loss  of  from  7  to 
10  per  cent,  on  the  contents  of  the  ore. 

Some  of  the  older  metallurgists  were  in  the  habit  of  first  expelling 
the  sulphur  by  roasting,  and  afterwards  reducing  the  resulting 
oxide  with  about  its  own  weight  of  black  flux. 

This  process,  from  the  extreme  fusibility  of  the  sulphurets  and 
oxides  of  lead,  requires  very  carefrtl  manipidation,  and  at  the  best 
the  results  obtained  are  far  from  satisfactoiy .  Pure  galena,  by  this 
method,  can  rarely  be  made  to  afford  above  70  per  cent,  of  metallic 
lead. 

Second  Method — Fusion  with  Metallic  Iron,  —  This  process 
depends  on  the  circumstance,  that  when  galena  is  fused  in  contact 
with  metallic  iron,  that  metal  becomes  converted  into  protosul* 
phuret,  whilst  the  lead  originally  combined  with  the  sulphur  is  at 
.  the  same  time  liberated.  The  amount  of  iron  rigorously  required 
for  the  decomposition  of  pure  sulphuret  of  lead  is  22*6  per  cent. ; 
but  it  is  found  advantageous  in  practice  to  add  a  small  excess  of  this 
metal,  and  80  parts  of  iron  to  every  100  parts  of  gal^ia  are  there* 
fore  commonly  employed. 

The  iron  used  should  be  either  in  the  form  of  small  nails  or  fine 
wire  cut  into  short  pieces.  This  mixture  of  ore  and  metallic  iron 
-  is  placed  in  an  earthen  pot,  of  which  it  should  fill  about  two- 
thiras  the  capacity,  and  is  covered  with  a  thin  layer  of  either  car- 
bonate of  soda  or  borax.  The  crucible  and  its  contents  are  after^ 
wards  heated  to  full  redness,  by  which  a  well-fused  and  perfectly 
liquid  slag  is  produced.  When  the  contents  of  the  pot  are  observed 
to  be  in  a  state  of  tranquil  fusion,  it  is  removed  from  the  furnace 
and  allowed  to  cool.  It  is  then  broken,  and  at  the  bottom  will  be 
found  a  button,  which  at  first  si^ht  appears  to  have  throughout  a 
uniform  composition,  but  on  bemg  struck  with  a  hammer  readily 
separates  into  two  distinct  parts.  The  upper  portion  consists  of  a 
bronze-coloured  sulphuret  of  iron,  which  at  once  crumbles  under 
the  hammer  and  is  readily  removed ;  whilst  the  lower  part  consists 
of  a  button  of  malleable  lead,  which  must  be  carefully  cleaned  and 
weighed.  This  process  affords,  from  pure  galena,  about  78  per 
cent,  of  metallic  lead :  the  loss  appears  to  arise  principally  from  the 
volatility  of  the  galena,  which  begins  to  be  dnven  off  at  a  lower 
temperature  than  that  required  for  its  decomposition  by  the  iron. 

In  the  mining  districts  of  North  Wales  this  method  of  assay  is 
conducted  in  a  manner  somewhat  different  to  that  just  ^described. 
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Instead  of  adding  finely-divided  iron  to  the  ore,  the  pounded  mineral 
is  itself  heated,  and  without  the  addition  of  any  kind  of  flux,  in  s 
ladle  made  of  that  metal.  This  ladle  or  duh  is  formed  out  of  a 
thick  piece  of  sheet-iron  and  provided  vrith  a  lip,  by  which  the 
reduced  metal  is  to  he  poured  off,  and  a  short  shank  for  affording 
a  better  holdfast  to  the  tongs  by  which  it  is  to  be  removed  from 
the  fire.  The  ore  to  be  operated  on  is  first  coarsely  powdered  and 
well  mixed,  so  as  to  ensure  a  fair  sample :  eight  ounces  are  now 
weighed  out  and  placed  in  the  dish,  which  is  covered  with  a  lid  of 
thin  sheet-iron,  and  gently  heated  in  the  fire  of  a  smith's  forge  until 
the  ore  ceases  to  decrepitate.  The  temperature  is  then  raised  to 
^11  redness,  and  at  the  expiration  of  about  fifteen  or  twenty  minutes 
the  decomposition  of  the  sulphuret  will  be  completed.  At  this 
point  the  dish  is  removed  from  the  fire  and  the  reduced  lead  poured 
out  into  a  mould  of  cast  iron,  whilst  the  slags  and  sulphuret  of  iron 
formed  are  kept  back  in  the  dish  by  a  piece  of  wood  held  before 
the  spout  for  that  purpose.  The  dish,  together  with  the  slags  and 
sulphuret  of  iron,  is  a&erwards  again  placed  in  the  fire  and  heated 
to  oright  redness,  by  which  the  last  portions  of  metallic  lead 
adhering  to  the  scoria  are  obtained.  The  contents  of  the  dish  are 
now  thrown  away,  as  not  containing  any  further  amount  of  lead« 
whilst  the  metal  which  has  been  run  off  is  carefully  weighed.  This 
apparently  rude  method  affords,  in  experienced  hands,  remarkably 
good  results,  and  which  are  likewise  considered  to  approach  very 
nearly  to  the  practical  returns  obtained  during  the  metallui^e 
treatment  on  the  large  scale.  By  this  process,  pure  galena  yielda 
from  79  to  83  per  cent,  of  lead ;  but  with  the  poorer  varieties  of 
ore,  such  as  those  obtained  from  some  of  the  Cornish  mines,  it  is 
extremely  doubtful  whether  satisfactory  results  could  be  obtained^ 
since,  from  the  infusibility  of  the  associated  gangue,  numerous 
metallic  globules  would  certainly  be  retained  in  the  scorisB.  The 
ladles  used  for  this  purpose  are  rudely  made  of  thick  sheet-iron, 
which,  if  about  l-4th  of  an  inch  in  thickness,  will  last  during  three 
or  four  separate  assays. 

Third  Method — Fusion  mth  Carbonate  of  Soda  or  Black  Flm9 
and  Metallic  Iron, — When  galena  and  carbonate  of  soda  are  fused 
together  out  of  contact  with  the  air,  a  large  proportion  of  the  lead 
is  liberated  in  the  metallic  form,  but  the  scoria  still  retains  a  cer- 
tain amount  of  that  metal  in  the  state  of  a  double  sulphuret  of  lead 
and  the  alkaline  metal. 

If  finely-divided  iron  be  now  introduced,  the  sulphuret  of  lead 
contained  in  the  slag  will  be  decomposed ;  metallic  lead  is  liberated, 
and  the  slag  contains  a  double  alkaline  sulphuret,  in  which  iron 
will  have  replaced  the  lead  formerly  present.  The  earthy  and 
siliceous  matter  constituting  the  gangue  are  also  dissolved  in  the 
slag,  without,  to  any  great  extent,  impairing  its  fluidii^.     i 
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The  qimntitj  of  black  flux  or  carbonate  of  soda  employed  varies 
with  the  richness  or  sterility  of  the  ore  operated  on ;  but  even  for 
the  poorest  varieties  two  parts  of  the  alkaline  reagent  will  usually 
be  found  sufficient.  The  iron,  which  is  merely  used  to  separate 
that  part  of  the  lead  which  has  been  dissolved  by  the  alkali  in  the 
state  of  sulphuret,  need  not  be  present  in  simcient  amount  to 
effect  t^e  reduction  of  the  whole  of  the  lead  contained  in  the  ore 
treated.  Two  parts  of  black  flux  or  carbonate  of  soda,  and  from 
10  to  15  per  cent,  of  metallic  iron,  either  in  the  state  of  filings  or 
in  the  form  of  small  nails,  will  be  foimd  a  convenient  quantity  to 
effect  this  purpose. 

When  the  nision  is  made  with  black  flux,  and  the  iron  is  in  the 
state  of  filings,  it  will  be  proper  not  to  add  too  large  an  excess, 
especially  if  the  assav  be  conducted  at  a  very  high  temperature,  as 
in  that  case  the  resulting  button  of  lead  will  contain  a  portion  of 
iron.  If,  however,  carbonate  of  soda  be  employed,  the  addition  of 
a  small  excess  of  iron  is  attended  with  advantage,  as  it  ensures  the 
complete  desulphiiration  of  the  galena  without  affecting  the  purity 
of  the  lead  obtained. 

Iron  filings,  when  employed  for  this  purpose,  are  also  liable  to 
become  mechanically  intermixed  with  the  lead  obtained,  and 
thereby,  to  a  certain  extent,  falsify  the  results.  This  inconvenience 
is  obviated  bv  the  use  of  small  iron  nails,  which  are  corroded  only 
on  the  outside,  and,  at  the  termination  of  the  assay,  are  found  fixed 
in  the  upper  surface  of  the  button,  from  which  they  can  without 
much  difficulty  be  separated.  Pure  galena,  when  thus  treated, 
yields  from  75  to  78  per  cent,  of  metallic  lead. 

Mitchell,  in  his  Manual  of  Assaying,  strongly  recommends  the 
foUowing  process,  which  is  a  slight  modification  of  that  long 
employ^  at  the  Ecole  des  Mines.  Two  earthen  crucibles  are 
prepared  by  smearing  their  insides  with  black  lead,  such  as 
that  used  for  domestic  purposes,  and  in  each  of  these  are  placed, 
with  their  heads  downwards,  three  or  four  ten-penny  nails.  Mix 
the  ore  to  be  assayed  with  its  own  weight  of  carbonate  of  soda^ 
and,  after  having  placed  it  in  the  pots,  press  it  tightly  down  about 
the  nails.  On  the  top  of  this  place  about  half  an  ounce  of  com- 
mon salt,  and  above  it  an  amount  of  dried  borax  e<}uivalent  to  the 
weight  of  the  ore  operated  on.  The  whole  is  now  mtroduced  into 
the  furnace  and  gradually  heated  to  redness ;  at  the  expiration  of 
ten  minutes  the  temperature  is  increased  to  bright  redness,  at 
which  it  is  kept  for  another  ten  minutes,  when  the  flux  will  be 
fused  and  present  a  perfectlv  smooth  surface.  When  this  has 
taken  place,  the  pot  is  removed  from  the  fire,  and  the  nails  are  sepa- 
rately withdrawn  by  the  use  of  a  small  pair  of  crucible  tongs,  care 
being  taken  to  well  wash  each  in  the  fluid  slag  until  perfectly  free 
from  any  adhering  lead.    When  the  nails  have  all  been  withdrawn, 
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the  pot  is  gently  tapped,  to  collect  the  metal  into  one  button,  and 
then  laid  aside  to  cool ;  after  which  it  is  broken,  and  the  button  of 
lead  removed  and  cleaned  in  the  usual  way.  The  result  is  then 
verified  by  a  second  assay  made  in  the  other  pot. 

When  carefullj  conducted,  this  process  is  said  to  affbid 
firom  S4t  to  84}  per  cent,  of  metallic  lead  from  pure  galeiuu 
It  is,  however,  liable  to  the  objection,  that  the  lead  produced 
frequently  contains  fragments  of  iron,  arising  from  the  dt^ 
cumstance  that  the  nails  are  most  energetically  acted  on  at  tiie 
point  of  contact  between  the  flux  and  the  galena,  which,  when  the 
slag  becomes  fused,  occupies  the  lower  portion  of  the  crueible;  and 
by  this  means  portions  of  iron  become  detached  and  frequently 
adhere  firmly  to  the  button,  from  which  there  is  sometimes  consi* 
derable  difficulty  in  removing  them.  In  my  own  experiments  I 
have  never  obtamed  by  this  process  above  82  per  cent,  of  metal 
from  the  purest  specimens  of  galena,  but  it  notwithstanding  affioirds 
results  sufficiently  accurate  for  many  commercial  purposes. 

bistead  of  adcmi^  metallic  iron  to  the  mixture  of  ore  and  flux 
introduced  into  the  crucible,  I  have  myself  found  it  much  bettef 
that  the  pot  itself  should  be  made  of  that  metal. 

For  this  purpose,  a  piece  of  half-inch  plate-iron,  of  good  quality, 
is  turned  up  in  the  form  of  a  crucible  and  carefully  welded  at  the 
edges ;  the  bottom  is  closed  by  a  thick  iron  rivet,  which  is  securely 
welded  to  the  sides,  and  the  whole  is  then  finished  up  with  a  liglit 
hammer  on  a  properly-formed  mandril.  The  crucible,  when  finisbed, 
should  have  the  form  represented  fig.  178.  To  make  an  assay 
in  a  crucible  of  this  description,  it  is  first  heated  to 
dull  redness,  and,  when  sufficiently  hot,  the  pow- 
dered ore,  intimately  mixed  with  its  own  weight  of 
carbonate  of  soda,  and  half  its  weight  of  crude  tartar, 
is  introduced  by  means  of  a  long  copper  spout  of 
the  form  represented  fig.  179.  On  the  top  of  this 
178.  is  placed  a  thin  layer  of  dried  borax,  and  the  cm- 

cible,  which,  for  the  introduction  of  the  mixture,  has 
been  removed  from  the  fiie,  is  immediately  replaced.  The  h^  is 
now  gradually  raised  to  dull  redness,  during  which  time  the  con- 
tents gradually  become  liquid  and  give  off  large  quantities  of  gas. 
At  the  expiration  of  from  ten  to  fifteen  mi- 
nutes the  mixture  will  be  obserred  to  be  in 
a  state  of  tranquil  fusion,  and  the  pot  is 
now  partially  removed  from  the  fire  and  its 
contents  bnskly  stirred  with  a  small  iron 
rod ;  any  matters  adhering  to  its  sides  are 
also  scraped  down  to  the  bottom  of  the  pot,  which,  after  being  again 
placed  in  a  hot  part  of  the  furnace,  is  closed  with  an  earthen  cover 
and  heated  during  three  or  four  minutes  to  bright  redness.     The 
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crucible  is  then  seized  bj  a  strong  pair  of  bent  tonga  on  that  part 
of  the  edge  which  is  opposite  the  projecting  lip^  a,  and  after  being 
removed  from  the  fire  its  contents  are  rapidly  poured  into  a  cast 
iron  mould  of  the  form  represented  fig.  180.  Another  form  of 
this  mould  is  represented  fig.  181.  The  sides  of  the  pot 
are  now  carefully  scraped  down  with  a  chisel- 
edged  bar  of  iron,  and  the  adhering  particles  of 
sb^  and  metallic  lead  added  to  the  portion  first 
obtained,  by  sharply  striking  the  edge  of  the  pot 
firmly  held  in  the  jaws  of  the  tongs  against  the 
top  of  the  cast  iron  mould.  When  sufficiently 
cooled,  the  contents  of  the  mould  are  readily 
remoTcd,  and  the  button  of  lead,  after  being  sepa- 
rated from  the  adhering  slag, 
is  carefully  cleaned  and 
weired.  By  this  process 
pure  galena  yields  on  an 
averaee  84  per  cent,  of  me- 
tallic lead,  free  from  iron  and 
perfectly  malleable.  This 
method  of  assaying  is  that  in 
almost  universal  use  in  all  l-^l-* 

lead-smelting  establishments,  and  has  the  advanta^  of  yielding  good 
results  with  the  whole  of  the  various  ores  belongmg  to  the  second 
elass.  A  larger  amount  of  lead  is,  however,  obtained  by  assay  than 
can  be  procured  from  the  same  ores  in  the  large  way,  and  on  this 
account  the  smelter  usually  makes  an  allowance  of  from  3  to  5^  per 
cent.,  in  accordance  with  the  nature  of  the  mineral  to  be  treated. 

Instead  of  using  iron  pots,  or  adding  metallic  iron  to  the  ores 
undar  examination,  they  may  be  fused  with  a  mixture  of  black 
flux  and  oxide  of  iron  or  zinc,  in  which  case  a  portion  of  iron  or 
zinc  is  reduced,  and  the  results  before  described  obtained.  This 
method,  however,  does  not  often  afibrd  satisfactory  results,  and  is 
not  so  convenient  as  the  processes  in  which  metallic  iron  is 
employed. 

The  protosulphurets  of  iron  and  zinc,  when  heated  with  galena 
and  an  alkaline  carbonate,  are  partially  decomposed,  wiui  the 
liberation  of  a  certain  portion  of  these  metals,  in  the  metallic 
form,  and  consequentlv  the  assa^  of  ores  containing  sulphuret  of 
lead  may  be  conducted  by  the  aid  of  these  reagents.  This  pro- 
cess, like  the  last,  is  however  too  inconvenient  to  admit  of  practical 
appHcation,  and,  besides,  does  not  afford  satisfactory  results. 

Fourth  Method —Fusion  with  Carbonate  of  Soda  and  Nitre. — 
When  galena  is  treated  with  nitrate  of  potash,  the  whole  of  its 
sulphur  is  converted  into  sulphuric  acid  before  any  portion  of  the 
lead  begins  to  be  oxidised,  and  it  consequently  fouows  that  if  a 
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Buitable  amount  of  nitre  were  employed,  the  destdpharation  of 
the  mineral  will  be  completely  effected,  and  the  whole  of  the  lead 
obtained  in  the  metallic  state.  To  prevent  any  loss  which  might 
arise  ^m  the  deflagration  which  takes  place,  the  ore  is  mixed 
with  twice  its  weight  of  carbonate  of  soda,  and  to  this,  in  accordance 
with  the  richness  of  the  ore,  is  added  from  80  to  35  per  cent,  of 
nitrate  of  potash.  When  too  large  a  quantity  of  nitre  is  employed, 
a  portion  of  the  metal  will  be  oxidised,  and.  remain  in  the  slag, 
causing  a  corresponding  deficiency  in  the  weight  of  the  metallic 
lead,  and  therefore,  as  the  right  amount  can  only  be  ascertained  by 
numerous  experiments,  this  process  is  but  badly  calculated  for 
estimating  the  lead  contained  in  the  mineral. 

When,  on  the  contrary,  an  ore  contains  silver,  and  that  metal 
only  is  to  be  estimated,  regardless  of  the  amount  of  lead  present, 
this  process  may  sometimes  be  employed  with  considerable  advan- 
tage, although  it  is  generally  less  to  be  recommended  than  fusion 
with  tartar  and  carbonate  of  soda,  in  a  wrought  iron  pot,  as  before 
described.  The  assay  by  this  process  is  very  easily  conducted ; 
the  fusion  takes  place  readily,  and  without  any  bubbling,  and  the 
slag,  which  is  very  liquid,  contains  no  metallic  globules.  In  con- 
ducting this  operation,  the  amount  of  nitre  should,  if  possible,  be 
so  arranged  as  to  afford  the  greatest  quantity  of  metaUic  lead,  but 
it  is  of  especial  importance  that  enough  to  destroy  the  whole  of 
the  sulphuret  be  employed,  as  should  the  slag  retain  any  un- 
oxidised  sulphur  compound,  a  notable  -  loss  of  silver  will  be  ex- 
perienced. If,  on  the  other  hand,  too  large  a  proportion  of  nitre 
has  been  made  use  of,  the  accuracy  of  the  silver  estimations  will 
not  be  impaired,  £i8  the  lead  alone  becomes  oxidised,  and  the  whole 
of  the  silver  is  contained  in  the  residual  metallic  button. 

Assay  of  Galenas  contalnliis  Antimony. — Many  of  the  ores  of 
lead  likewise  contain  a  certain  proportion  of  sulphuret  of  antimony, 
and  from  such  minerals  the  assayer  can  either  obtain  pure  lead,  or 
a  mixture  of  the  two  metals  in  the  form  of  an  alloy. 

To  extract  pure  lead  the  mineral  may  be  frised  in  an  open 
crucible,  with  twice  its  weight  of  carbonate  of  soda,  when  the  lead 
will  be  liberated  in  the  metallic  form,  whilst  the  antimony,  by 
becoming  oxidised,  unites  with  the  alkaline  base,  and  remains 
wholly  suspended  in  the  slag.  The  presence  of  antimony  in  the 
slag  will  also  prevent  its  retaining  any  portions  of  the  lead,  and 
from  this  cause  a  tolerably  exact  separation  of  the  two  metala  is 
readily  obtained. 

When,  in  addition  to  lead  and  antimony,  the  ore  contains  silver, 
it  should  be  assayed  by  being  heated  with  a  mixture  of  carbonate 
of  soda  and  nitre,  by  which  the  whole  of  the  antimony  will  be 
oxidised  and  retained  in  the  slag,  whilst  the  lead  and  silver  are 
obtained  in  the  state  of  an  alloy.   In  this  case  it  only  necessary  to 
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add  a  sufficient  amount  of  nitre  to  effect  the  total  decomposition 
of  the  sulphuret,  as  when  the  whole  of  the  antimony  and  a  portion 
of  the  lead  has  been  oxidised,  no  loss  of  silver  (which  combines 
"with  the  remaining  lead)  is  experienced,  but  when,  on  the  con- 
trary, the  slags  still  contain  undecomposed  sulphuret  of  anti- 
mony, a  large  proportion  of  the  silver  escapes  reduction  to  the 
metallic  state. 

When  it  is  required  to  reduce  at  the  same  time  both  the 
antimony  and  lead,  the  ore  may  either  be  fused  with  black  flux,  in 
an  earthen  crucible,  or  be  melted  in  an  iron  pot,  according  to  the 
process  before  described. 

The  sulphates  of  lead  are  readily  reduced  by  simple  fusion  with 
carbonate  of  soda  in  an  earthen  crucible,  but  when  phosphorus 
and  arsenic  are  present  in  ores  of  this  metal,  their  assay  should 
always  be  conducted  in  an  iron  pot,  with  a  proper  admixture  of 
carbonate  of  soda  tartar,  and  fused  borax. 

For  commercial  purposes,  lead  assays  are  estimated  in  relation 
to  the  quantity  of  metal,  in  cwts.  &c.  contained  in  one  ton  of  the 
ore  treated.  These  calculations  are  dispensed  with  by  the  use  of 
the  follo\(dng  table,  in  which  the  quantity  of  ore  operated  on  is 
supposed  to  be  400  grains. 

Assay  Table  foe  Lead  Obes. 
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9  16 
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11 
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18 

8  16 

141 

7  0  6 

187 

9  1  11 

233 

11 

2  16 

279 

13 

3  22 

142 

7  0  11 

188 

9  1  16 

234 

11 

2  22 

280 

14 

0  0 

143 

7  0  16 

189 

9  1  22 

235 

11 

3  0 

281 

14 

0  5 

144 

7  0  22 

190 

9  2  0 

236 

11 

3  6 

282 

14 

0  11 

145 

7  10 

191 

9  2  6 

237 

11 

8  11 

288 

14 

0  16 

146 

7  15 

192 

9  2  11 

238 

11 

3  16 

284 

14 

0  22 

147 

7  1  11 

193 

9  2  16 

239 

11 

8  22 

286 

14 

1  0 

148 

7  1  16 

194 

9  2  22 

240 

12 

0  0 

286 

14 

1  6 

149 

7  1  22 

196 

9  8  0 

241 

12 

0  5 

287 

14 

1  11 

150 

7  2  0 

196 

9  8  5 

242 

12 

0  11 

288 

14 

1  16 

151 

7  2  5 

197 

9  8  11 

243 

12 

0  16 

289 

14 

1  22 

152 

7  2  11 

198 

9  8  16 

244 

12 

0  22 

290 

14 

2  0 

158 

7  2  16 

199 

9  3  22 

245 

12 

1  0 

291 

14 

2  5 

154 

7  2  22 

200 

10  0  0 

246 

12 

1  5 

292 

14 

2  11 

155 

7  8  0 

201 

10  0  5 

247 

12 

1  11 

293 

14 

2  16 

166 

7  8  5 

202 

10  0  11 

248 

12 

116 

294 

14 

2  22 

157 

7  3  11 

203 

10  0  16 

249 

12 

1  22 

295 

14 

8  0 

158 

7  3  16 

204 

10  0  22 

250 

12 

2  0 

296 

14 

8  6 

159 

7  3  22 

205 

10  1  0 

251 

12 

2  5 

297 

14 

3  11 

160 

8  0  0 
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10  1  5 
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12 

2  11 
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14 
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8  0  5 
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12 
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14 
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208 
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12 
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16 
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12 
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16 
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12 

8  5 
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15 

0  11 
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8  10 
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12 
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15 

0  16 

166 
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12 
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16 

0  22 
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259 

12 
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13 
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13 
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18 
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13 

0  16 
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16 
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13 

0  22 
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16 
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13 
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16 
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266 

13 
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15 
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13 
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15 

2  16 
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268 

13 
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15 
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13 
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315 

15 
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13 
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15 
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179 
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13 
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15 
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13 
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15 
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13 
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15 
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9  0  11 
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274 

13 
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16 

0  0 
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11  1  22 
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13 

3  0  , 
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16 

0  5 
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9  0  22 
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AnalysU  of  Galenm. — ^The  eBtimation  of  the  lead  contained  in 
galena  hj  the  humid  method,  is  for  commercial  purposes  seldom 
resorted  to,  as  sufficiently  correct  results  may  be  obtained  in  a 
much  shorter  time  by  some  of  the  processes  just  described. 
When,  however,  the  aiudjsis  of  this  mineral  becomes  necessary,  it 
may  be  conducted  as  follows : — 

The  ore,  in  a  state  of  extreme  division,  is  attacked  at  a  gentle 
heat  with  dilute  nitric  acid,  when  sulphur  will  separate,  and  a 
solution  of  nitrate  of  lead  be  formed.  The  acid  usea  for  this  pur- 
pose must  be  mixed  with  at  least  its  own  yohmie  of  distilled 
water ;  from  the  oxidation  of  the  sulphur  present  in  the  ore,  an 
insoluble  sulphate  of  lead  is  formed,  which  remains  with  the  inso- 
luble gangue,  and  increases  its  weight. 

For  this  reason  it  is  in  all  cases  advisable,  after  pouring  off  the 
solution  of  nitrate  of  lead  obtained,  and  carefully  washing  the  in- 
soluble matters,  to  digest  the  residue  for  several  hours  with  a 
strong  solution  of  carbonate  of  soda,  by  which  the  insoluble  sul- 
phate of  lead  is  converted  into  carbonate,  and  soluble  sulphate  of 
soda  formed.  The  insoluble  residue,  after  being  separated  from 
the  sulphate  and  carbonate  of  soda  by  filtration,  and  well  washed, 
is  afterwards  again  treated  with  dilute  nitric  acid,  by  which  the 
carbonate  of  1^  is  readily  dissolved.  This  solution  is  subse- 
quently added  to  that  directly  obtained  by  the  action  of  weak 
nitric  acid  on  the  ore  itself,  and  treated  with  a  solution  of  sulphate 
of  soda,  until  no  frirther  precipitation  takes  place.  The  sulphate 
of  lead  thus  obtained  is  collected  on  a  filter,  washed,  dried,  and 
w^eighed,  and  from  its  weight,  after  calcination,  is  estimated  the 
amount  of  lead  originally  present  in  the  ore.  The  associated 
metals  are  afterwards  separated  frx)m  the  filtrate  from  sulphate  of 
lead^  by  the  usual  routine  of  mineral  analysis.  The  amount  of 
silver  contained  in  galena  cannot  be  correctly  estimated  by  humid 
analysis,  and  must  be  ascertained  by  a  process  called  cupellation. 
Bstimmtion  of  the  Silver  contained  In  Ijead  Oreii. — Cupellation. 
— From  the  large  quantities  of  silver  contained  in  many  varieties  of 
galena,  and  other  ores  of  lead,  it  becomes  necessary,  in  order  to  jude;e 
of  their  relative  commercial  values,  to  be  enabled  to  ascertain 
with  the  greatest  exactness  the  precise  amount  of  this  valuable 
metal  furnished  by.  the  different  specimens  under  examination. 

To  ascertain  this,  the  button  of  lead  obtained  by  the  processes 
already  described  is  subjected  to  cupellation  in  a  furnace  pro- 
perly arranged  for  that  purpose.  This  process  is  founded  on  the 
circumstance  that  silver,  when  exposed  m  a  state  of  fusion  to  the 
action  of  the  air,  neither  gives  off  perceptible  vapours,  nor  is 
sensibly  oxidised,  particularly  when  a  more  oxidisable  metal  than 
itself  is  at  the  same  time  present. 
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In  order,  then,  to  extract  the  silver  contained  in  the  metallic 
buttons  obtained  bj  the  assay  of  lead  ores,  it  is  onlj  necessaiy  to 
expose  them  on  some  absorbent  medium  to  such  a  temperature  as 
maj  oxidise  the  lead,  whilst  the  silver  itself  is  not  thus  affected 
The  litharge  produced  is  absorbed  hj  the  porous  substance  on 
which  the  assay  is  supported,  and  nothing  but 
a  small  button  of  pure  silver  ultimately  remains 
in  the  metallic  state. 
182.  183.  These  supports,  which  are  called  cupels,  figs. 
182  and  183,  are  made  of  bone-ash,  slightly  moistened  with  a  little 
water,  and  tightly  consolidated  by  pressure  in  an  iron  mould. 


ISl.  185 

A  convenient  kind  of  furnace  for  the  purpose  of  cupeUa- 
tion  is  represented  fi^s.  184  and  185,  of  which  the  first  repre- 
sents an  elevation,  and  the  second  a  vertical  section.^  The  ma- 
terial of  which  these  furnaces  are  made  is  wrought  iron,  which 
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is  lined  with  fire-clay,  as  shown  in  the  drawing.-  The  most 
important  part  of  this  apparatus  is  the  mujffle  m,  which  is  a 
small  D  shaped  retort  of  fire-clay,  closed  at  one  of  its  extremities 
only,  and  furnished  with  perpendicular  openings  in  the  sides  and 
end,  in  order  to  allow  of  a  free  circull&tion  of  air  through  its  inter- 
nal cavity.  Fig.  186  represents  a  muffle,  before  its  introduction 
into  the  furnace.  When  filed,  it 
is  so  arranged  that  whilst  one  of 
its  extremities  is  supported  by  a 
proper  shelf,  the  other  corresponds 
with  the  opening  cT,  to  the  sides  of 
which  it  is  carefimy  luted  by  a  little 
moistened  fire-clay.  This  position 
of  the  muffle  in  the  furnace  allows  186. 

of  its  being  heated  on  every  side  by  d  supply  of  ignited  fuel,  whilst 
the  openings  at  its  end  and  sides  admit  of  the  establishment  of  a 
current  of  air  from  the  door  d\  through  the  interior  of  the  muffle 
to  the  cavity  of  the  furnace.  The  interior  of  tlie  muffle  is,  in  this 
way,  constantbr  traversed  by  a  highly  oxidising  current  of  air,  and 
the  draught  of  the  furnace  is  increased  by  the  addition  of  a  long 
chimney  of  bheet-iron,  c.  To  light  this  apparatus;  a  little  ignited 
charcosd  is  introduced  by  the  opening  rf,  and  the  cavity  of  the 
furnace  afterwards  filled  with  the  same  fuel,  and  the  whole  of  the 
openings,  elcepting  the  ash-pit,  a,  closed  by  their  proper  slides. 
When  the  charcoal  or  coke  is  properly  ignited,  and  the  miiffle  has 
become  red-hot,  six  or  eight  cupels,  which  have  been  drying  on  the 
ledge  around  the  chimney,  are  taken  by  the  tongs,  fig.  187,  and 
placed  oH  the  floor  of  the  muffle,  whicli,  to  prevent  its  becoming 
corroded  if  any  portion  of  lead  be  spilt  on  it,  is  previously  covered 
by  a  thin  layer  of  pounded  bone-ash. 


187. 
The  opening  d  is  now  closed  by  its  doof,  EfO  as  to  prevent  the 
introduction  of  a  current  of  cold  air,  and  the  cupels  are  then 
raised  to  the  temperature  of  the  muffle  ittolf.  When  this  is  the 
case,  the  door  is  again  removed,  and  into  each  of  the  cupels  is 
introduced,  by  a  pair  of  slender  steel  tongs,  a  button  of  the  lead 
to  be  assayed.  The  door  is  now  a  secotid  time  clos^  during  a 
few  minutes,  to  facilitate  the  iusion  of  the  metjd,  and  on  its 
removal  each  of  the  cupels  is  found' to  contain  a  bright  convex 
metallic  globide,  in  whicn  state  the  assays  are  said  to  be  uncovered. 
The  air  thus  admitted  rapidly  converts  the  lead  into  litharg^li 
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which,  as  fast  a^  it  is  produced,  is  absorbed  bj  the  bone-ash  of  tiie 
cupel,  and  at  the  same  time  there  arises  a  white  vajpour,  whiob 
fills  the  muffle,  and  is  gradually  carried  off  through  the  openings 
in  its  sides.  An  annular  stain  is  at  the  same  time  formed  around 
the  metal,  which  gradually  extends,  and  penetrates  into  the  sab* 
stance  of  the  cupel,  in  proportion  as  the  metallic  globule  itself 
diminishes  in  size,  When  nearly  the  whole  of  the  lead  has  been 
thus  converted  into  litharge,  and  absorbed,  the  remaining  bead  of 
rich  alloy  appears  to  become  agitated  with  a  rapid  circuliur  move- 
ment, by  which  it  seems  to  be  made  to  revolve  with  great  rapidity. 
At  this  stage  of  the  operation,  the  amtation  will  be  observ^ 
suddenly  to  cease,  and  the  button,  after  having  for  a  moment 
emitted  a  bright  flash  of  light,  becomes  white  and  immoveable. 

This  phenomenon  is  called  the  hrightemng  or  coruscation  of  the 
metal,  and  a  button  of  pure  silver  now  remains  on  the  cupel. 

If  the  cupel  were  at  this  period  abruptly  removed  from  the 
muffle,  the  metallic  globule  would  be  liable  to  sprout  or  veffetatt, 
by  which  a  portion  of  its  substance  is  not  unfrequently  thrown  off 
and  lost,  whilst  its  surface  is  covered  by  numerous  arborescent 
asperities.  This  effect  appears  to  be  produced  bj  the  sudden 
cooling  of  the  surface  exposed  to  the  air,  which,  by  its  contraction, 
strongly  compresses  the  liquid  metal  contained  in  the  interior, 
and  this,  by  bursting  through  the  outside  coating,  escapes  in  the 
way  described.  To  prevent  this  from  taking  place,  aud  to  guard 
against  the  loss  of  metal  which  would  be  liable  to  ensue,  the  cupel 
on  which  the  button  of  silver  has  just  brightened  should  be  im- 
mediately covered  by  another,  kept  red-hot  for  that  purpose.  The 
two  are  now  withdrawn  together,  and  allowed  to  remain  on  the 
ledge  before  the  muffle,  until  the  metal  has  become  solidified,  when 
the  upper  cupel  may  be  removed,  and  the  globule  of  silver  is 
detached  and  weighed. 

From  the  circumstance  that  silver  becomes  sensibly  volatile  at 
very  elevated  temperatures,  it  becomes  necessary  to  make  cupel- 
lations  of  this  metal  at  the  lowest  heat  by  which  the  absorption  of 
the  litharge  can  be  readily  determined.  If,  however,  the  cupel  be 
not  sufficiently  hot,  an  annular  incrustation  of  crystallised  lithai^ 
will  begin  to  accumulate  around  its  edges,  and  if  at  this  point  f£e 
fire  be  not  immediately  attended  to,  the  deposit  of  oxide  spreads 
over  the  whole  surface  of  the  metal,  and  its  further  oxidation  is 
entirely  stopped, 

The  temperature  best  suited  for  this  operation  is  obtained  when 
the  muffle  and  the  enclosed  cupels  are  at  a  fuU  blood-red  beat^ 
and  the  vapours  which  arise  from  the  alloy  curl  gradually  away, 
and  are  promptly  removed  by  the  draught.  When  the  mufi3.e  is 
heated  almost  to  whiteness,  and  the  vapours  rise  to  the  crown  of 
the  arch,  the  temperature  is  too  high,  ^d  when,  on  the  contrary, 
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the  fumes  He  over  the  bottom,  and  the  sides  of  the  openings  in  the 
muffle  begin  to  blacken,  a  little  more  fuel  must  be  added  through 
the  door/,  and  the  heat  graduallj  raised*  When  the  operation  is 
conducted  at  the  proper  temperature,  the  cupel  should  be  of  a 
cherry-red  colour,  and  the  fused  alloy  very  bright  and  convex.  At 
the  commencement  of  the  operation  the  heat  must  be  a  little 
raised,  for  the  purpose  of  fusing  and  uncovering  the  button,  and 
just  before  the  globule  is  about  to  brighten  a  slight  elevation  of 
temperature  is  again  advantageous,  but  if  a  good  cherry-^red  heat 
has  been  kept  up  during  the  working  of  the  assay,  this  is  by  no 
means  neeessaiy. 

The  success  of  the  experiment  is  likewise  considerably  influenced 
by  the  force  of  the  draught  passing  through  the  mume*  When 
the  current  is  too  rapid,  the  cupel  becomes  cooled,  and  the  lead  is 
oxidised  with  greater  rapidity  than  it  should  be :  in  this  case  the 
litharge  produced  is  not  absorbed  by  the  test  as  fast  as  it  is 
generated,  and  consequently  the  surface  of  the  alloy  is  constantly 
covered  by  a  layer  of  oxide  of  lead,  by  which  it  ultimately  becomes 
protected  fix)m  any  further  oxidation.  When,  on  the  contrary, 
the  current  is  too  feeble,  the  assay  remains  a  long  time  in  the 
muffle,  and  a  large  amount  of  silver  is  lost  by  sublimation. 

If  an  assay  has  been  properly  conducted,  the  residual  button  of 
silver  is  round,  bright^  and  smooth  on  its  upper  surface,  and 
beneath  should  be  crystalline,  and  of  a  dead-white  colour ;  it  is 
easily  detached  from  the  cupel,  and  readily  freed  from  adhering 
litharge.  This  globule  is  now  removed  by  a  pair  of  fine  pliers, 
and  flattened  on  a  small  steel  anvil,  by  which  the  oxide  of  lead, 
which  frequently  attaches  itself  to  it,  oecomes  pulverised,  and  is 
easily  removed  oy  scratching  with  a  small  brush  made  of  stiff 
hogs'  bristles.  The  flattened  disc  is  then  examined  by  the  aid  of  a 
powerful  lens,  in  order  to  be  sure  that  its  surfaces  are  perfectly 
clean,  and  afterwards  weighed  in  a  balance  capable  of  turning  with 
1-lOOOthofagrain. 

The  fuel  employed  in  the  furnace  above  described,  consists, 
after  it  has  once  got  into  steady  action,  of  small  pieces  of  hard 
coke.  When  the  ores  of  lead,  in  addition  to  silver,  likewise  con- 
tain gold,  the  residual  button  remaining  on  the  cupel  consists  of 
an  aSoy  of  these  metals,  the  separation  and  estimation  of  which 
will  be  treated  of  in  a  future  chapter. 

In  metaUurgic  laboratories,  wnere  assays  of  gold  and  silver  are 
constantly  being  made,  the  furnace  above  described  is  found  in- 
convenient, on  account  of  its  small  size.  For  this  reason,  sta- 
tionary furnaces,  forming  part  of  the  building  of  the  laboratory, 
are  commonly  used. 

A  convenient  arrangement  of  furnaces  for  the  use  of  the  metal- 
lurgic  chemist  is  represented  fig.  188.    This  conais^.^^f^  i9@^f:^le 
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brick-work  bound  together  by  strong  plates  of  cast  iron,  and 
secured  to  the  wall  of  the  building  by  t)ie  bolts  6,  which  pass 
through  it,  and  are  fastened  on  the  outside  by  screw  nuts,  a  is 
the  sand-bath  door,  b  b  are  two  furnaces;  the  first,  8  inches 
square,  and  1  foot  in  depth,  is  well  calculated  for  assays  of  lead 
ores,  the  other,  1  foot  square,  and  14  inches  in  depth,  affords  i 
sufficient  heat  for  the  fusion  of  assays  of  copper,  tin,  and  even  of 
iron  ores.  The  draught  is  regulated  by  the  dampers  d,  whieh 
severally  communicate  with  the  furnaces  b  b,  and  the  sand  bath  a 
The  ash  pits  c,  are  provided  with  sliding  doors,  by  which  the  ear- 
rents  of  air  entering  the  furnaces  through  the  body  of  the  brick- 
work are  regulated.  Beneath  these  are  three  arched  recesses,  for 
storing  the  broken  coke,  b  is  the  cupelling  ^raace,  pierced  for  i 
muffle  at  g,  and  provided  with  the  double  sliding  doors  h  h,  by 
which  the  current  of  air  passing  through  the  arrangement  is  con- 
veniently regulated. 


188. 

The  opening  for  the  muffle  is  considerably  larger  towards  the 
front  than  where  the  muffle  itself  joins  the  brickwork,  and  before 
it,  and  at  the  same  level,  is  placed  the  shelf  A,  for  the  support  of 
the  cupels  when  withdrawn  from  the  fire.  The  fuel  is  either 
introduced  through  the  upper  door  h,  or  from  the  top  at  J,  which 
is  covered  by  a  heavy  fire-tile,  strongly  bound  with  iron,  g  gtit 
plu&rs  stopping  holes  in  the  sides  of  the  furnace,  which,  when  open, 
are  found  convenient  for  tube  operations.  The  openings  /  in  the 
smaller  furnace,  fig.  184,  are  for  the  same  purpose. 

The  total  height  of  the  cupel  furnace,  from- the  hi^  to  the 
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throat-wa^  ot  the  draught,  is  two  feet,  and  its  internal  dimensions 
one  foot  in  width,  and  14  inches  in  the  direction  of  the  length  of 
the  muffle.  The  muffle  used  in  this  furnace  is  9  inches  in  length,  and 
6  inches  in  width.  The  small  door,  c',  on  the  left  of  the  cupelling 
furnace,  helongs  to  a  small  brazier,  used  for  holding  lighted  charcoal, 
when  making  organic  analyses,  for  which  purpose  the  apparatus  may 
be  placed  on  the  iron  slab  at  i.  o  is  the  hood  of  a  small  blast  fur- 
nace, to  be  employed  when  extremely  elevated  temperatures  are 
required,  and  which  is  supplied  by  a  current  of  air  from  a  powerftd 
bellows  at  K. 

The  whole  arrangement  is  covered  by  a  glazed  hood,  l,  sup- 
ported hj  a  trellis  of  wrought  iron.  Beneath  this  is  a  ventilator, 
communicating  with  the  chimney  ic,  and  which  allows  of  being 
opened  or  closed  at  pleasure.  This  ventilator  raj)idly  removes  any 
deleterious  fumes  arising  from  the  furnaces,  without  materially 
impairing  the  draught.  The  throat-ways  of  the  different  furnaces 
are  placed  at  a  distance  of  6  inches  from  the  top  plates  of  the 
furnaces,  which  are  protected  from  melting  by  the  whole  thickness 
'  of  a  fire-brick.  With  an  arrangement  of  this  kind,  the  heat  neces- 
sary for  the  fusion,  assay,  and  analysis  of  all  kinds  of  minerals 
is  readily  obtained. 

For  commercial  purposes,  the  silver  contained  in  any  given 
mineral  is  estimated  in  ozs.  dwts.  and  grains,  one  ton  of  ore  being 
taken  in  all  cases  as  the  standard  of  unity. 

Table  showing  the  weight  of  Silver  to  the  ton  of  Ore,  correspond- 
ing to  the  weight  in  grains  obtained  from  400  grains  of  Mineral. 


If  400  grains  of 

One  ion  of  Ore 

If  400  grains  of 

One  ton  of  Ore 

Ore  give  Fine 
Metal 

wiU  yield 

Ore  give  Fine 
Metal. 

wiU  yield 

g"- 

01.  dwts.  grs. 

grs. 

ox.  dwts.  grs. 

•001 

0      1    16 

•200 

16      6    16 

•002 

0      8      6 

•800 

24    10      0 

•003 

0      4    21 

•400 

32    18      8 

•004 

0      6    12 

•600 

40    16    16 

•006 

0      8      4 

•600 

49      0      0 

•006 

0      9    19 

•700 

67      8      8 

•007 

0    11    10 

•800 

66      6    16 

•008 

0    18      1 

•900 

78    10      0 

•009 

0    14    16 

1000 

81    18      8 

•010 

0    16      8 

2000 

168      6    16 

•020 

1    12    16 

8000 

246      0      0 

•080 

2      9      0 

4-000 

826    18      8 

•040 

8      6      8 

6-000 

4438      6    16 

•060 

4      1    16 

6000 

490      0      0 

•060 

4    18      0 

7-000 

671    18      8 

•070 

6    14      8 

8000 

668      6    16 

•080 

6    10    16 

9000 

786      0      0 

•090 

7      7      0 

10^000 

816    18      8 

•100 

.8      8     .8 

D 

iitizedbvCjOOQie 

488  LEAD. 

Instead  of  operating  on  400  grains  of  ore,  many  assajers  prefer 
employing  1  oz.  of  mmeral,  and  in  this  case  the  following  table 
affords  data  for  the  necessary  calculations. 


Weight 

of  Silver  to  the  Ton  of 

Lead  Ore,  corresponding  to  the 

weight  in  grains  obtained  from  an  assay  on  1  oz.  of  MineraL 

On. 

Os. 

Dwt. 

Gt8. 

On. 

Os. 

Dwt. 

On. 

•001 

M 

1 

11-840 

•600 

44 

16 

0^)00 

•002 

CC 

2 

28-680 

•700 

62 

6 

8-000  : 

•008 

CC 

4 

11^520 

•800 

69 

14 

6-000 ; 

•004 

M 

6 

28^860 

•900 

67 

4 

0-000 

•006 

•C 

7 

H^200 

1-000 

74 

13 

8HXX) 

•006 

CC 

8 

28040 

2-000 

149 

6 

16  000 

•007 

CC 

10 

10-880 

8-000 

224 

0 

OOOO 

•008 

CC 

11 

22-720 

4-000 

298 

18 

8-000 

•009 

CC 

18 

10-660 

6^000 

878 

6 

16000 

•010 

CC 

14 

22-400 

6-000 

448 

0 

OOOO 

•020 

9 

20-800 

7-000 

622 

18 

8-000 

•080 

4 

19-200 

8-000 

697 

6 

16000 

•040 

19 

17600 

9-000 

672 

0 

OOOO 

•060 

14 

16000 

10-000 

746 

13 

8-000 

•060 

9 

14-400 

20000 

1498 

6 

16-000 

•070 

4 

12-800 

80-000 

2240 

0 

0000 

•080 

19 

11-200 

40-000 

2986 

18 

8-000 

•090 

14 

9-600 

60-000 

8733 

6 

le-ooa 

•100 

9 

8000 

60000 

4480 

0 

owa 

•200 

14 

18 

16000 

70-000 

6226 

IS 

8-ooa 

•800 

22 

8 

0000 

80000 

6978 

6 

16-000 

•400 

29 

17 

8-000 

90-000 

6720 

0 

0-000 

•600 

87 

6 

16-000 

100-000 

7466 

18 

8-000 

Hannfactnre  of  CapeUb. — ^The  bone-ash  employed  is  first  passed 
through  a  sieve  of  fine  wire  gauze,  and  afterwards  mixea  with 
water  until  sufficiently  moistened  to  retain  the  mark  of  the  fingers^ 
when  a  handful  is  taken  up  and  sliehtlv  squeezed.  To  emse  the 
cupels  when  made  to  be  sufficiently  nrm  and  resistant,  a  little 
carbonate  of  potash  is  added  to  the  water  employed  for  moisten- 
ing the  bone-ash.  The  amount  of  alkaline  carbonate  reqiiired  far 
this  puipose  is  exceedingly  small,  as  a  firagment  of  the  size  of  a 
nut  will  be  amply  sufficient  to  add  to  a  pint  of  water.  Instead 
of  water,  some  persons  use  sour  beer,  and  in  this  case  dispense  with 
the  use  of  any  kind  of  alkali.  The  mould  in  which  the  cupela  are 
formed,  fiff.  189,  consists  of  a  bevelled  steel  rinff  6,  and  a  diea^ 
made  of  uie  same  metal  and  fitted  with  a  wooden  handle.  To 
make  the  cupel,  the  cavity  is  nearlv  filled  with  the  moistened  bone- 
ash,  which  is  first  comprised  sligntl;^  by  the  hand  and  afterwarda 
with  Hie  die,  which  is  tightly  driven  into  the  ring  by  the  uae  of  a 
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heavy  mallet,  fig.  190.  When  sufficiently  consolidated  the  die  is 
withdrawn,  and,  by  introducing  a  wooden  cylinder  which  exactly 
fills  the  aperture,  the  cupel  is 
without  difficulty  removed.  The 
use  of  the  wooden  cylinder  is 
sometimes  liable  to  crumble  the 
edges  of  the  cupel ;  and  for  this 
reason  a  loose  iron  plate  c,  exactly 
fitting  the  bottom  of  the  mould, 
is  often  introduced  before  the 
bone-ash  is  placed  in  it.  When 
this  precaution  is  taken,  the  iron 
protects  the  bottom  of  the  cupel, 
and  enables  the  operator  to  use 
consiiderable  force  without  injury 
to  the  edges  of  the  newly  made 
test.  The  iron  plate  has  evi- 
dently to  be  replaced  at  each  operation,  and  with  the  cupel  before 
it,  is  aeain  forced  out  of  the  mould.  When  made,  the  cupels  are 
set  aside  to  dry,  and  are  then  ready  for  use. 


189. 


190. 


laBTALLXmOT  OP  LEAD. — EKGLISH  FBOOESS  OP  LEAB-SMELTDTGF. 

The  metallurgic  treatment  of  the  ores  of  lead  varies  both  in 
accordance  with  the  composition  of  the  minerals  operated  on,  and 
with  resardto  the  nature  of  the  fuel  to  be  obtainea  in  the  locality 
in  which  the  mines  are  situated. 

To  describe  all  these  different  modifications  would  require  more 
space  than  could  be  conveniently  devoted  to  one  metal,  and  I  shall 
therefore  merely  endeavour  to  explain  a  few  of  the  methods  most 
commonly  employed,  and  which  may  at  the  same  time  serve  as  types 
of  the  various  metallurgic  classes  to  which  they  severally  belong. 

The  ores  treated  in  this  country  principally  consist  of  galena, 
which,  before  it  comes  into  the  hands  of  the  smelter,  has  been 
deprived,  by  a  careful  mechanical  preparation,  of  a  large  proportion 
of  the  ^irth^  and  siliceous  ingrodients  with  which  it  was  ori- 
ginally associated. 

The  furnace  in  which  the  reduction  of  lead  ores  is  usually 
effected  in  Great  Britain  is  represented  hj  figs.  191  and  192,  of 
which  the  first  represente  a  vertical  section,  and  the  second  a 
ffround  plan.  The  sole  is  commonly  about  8  feet  in  length  and  6 
mt  in  width,  and  is  formed  of  fused  slags  obtained  from  preceding 
operations,  and  worked  into  the  proper  form  when  in  a  pasty  and 
0emi-fused  state.  Towards  the  centre  of  the  hearth,  at  b,  is  a 
depression  in  which  the  fused  metal  accumulates ;  and  ^t  this 
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point  is  situated  the  tap-hole,  through  which  the  reduced  lead  is, 
at  a  subsequent  period,  allowed  to  flow.  The  heat  is  applied  by  the 
fire-place,  n,  situated  at  one  end,  and,  before  reaching  the  furnace, 
has  to  pass  over  the  fire-bridge,  e,  about  one  foot  m  height  and 


two  feet  in  width.  The  arch  of  the  furnace,  which  is  at  a  height 
of  about  14  inches  above  the  top  of  the  fire-bridge,  gradu2lj 
declines  to  within  six  inches  of  the  floor  at  the  other  extsremity  of 
the  hearth :  its  greatest  height  from  the  cavity  in  the  sole  is  aboat 
two  feet.  At  the  end  op}>osite  to  that  in  which  is  placed  the  fire- 
grate, is  situated  an  opening  in  the  masonry,  r,  wnich  oommoni- 
cates  with  the  flues  in  connection  with  a  lo^  chimney,  by  which 
the  whole  of  the  smoke  and  fumes  escaping  from  the  establiahiaeiit 
are  carried  off.  This  channel  for  a  short  (ustance  frx)m  the  furnace 
is  covered  over  with  flat  tiles  closely  jointed  in  fire-clay,  as,  from 
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tbe  tendency  possessed  by  the  lead  Aimes  to  Aise  and  choke  the 
flues,  it  is  necessary  to  lie  enabled  to  get  readily  at  them  for  the 
purpose  of  their  removal.  The  door,  o,  for  supplying  the  coals  to 
the  grate,  is  situated  on  the  face  of  the  furnace  called  the  labourer's 
side.  In  addition  to  this  opening,  there  are  three  other  holes, 
A,  also  placed  in  the  same  wall  of  the  furnace.  These  measure 
about  8  inches  by  11  inches,  and  are  covered  by  iron  plates, 
which  can  be  removed  without  difficulty  when  the  charge  needs 
stirring,  or  a  current  of  air  is  required. 

The  opposite  face  is  known  by  the  name  of  the  working  side, 
and,  like  the  other,  is  furnished  with  three  small  doors,  h\  for 
cooling  the  furnace  and  working  the  charges.  The  floor,  composed 
of  furnace  slag,  is  made  up  nearly  to  the  small  door  on  the 
labourer's  side,  but  declines  towaras  the  other  wall,  so  as  to  be 
18  inches  below  the  middle  door ;  and  here  it  communicates  with 
the  tap-hole,  b,  by  which  the  lead  is  run  out  into  a  large  cast-iron 
pan,  c,  set  in  a  niche  a  little  under  the  fiunace  side.  In  the  centre 
of  the  arch  there  is  sometimes  a  small  opening,  fitted  with  a  sheet- 
iron  hopper,  1,  in  which  a  charge  of  ore  is  always  kept  ready  for 
letting  down  as  soon  as  that  which  is  bein^  worked  in  the  furnace 
is  withdrawn.  This  spout  is  provided  with  a  damper,  which  is 
opened  and  shut  by  an  iron  lever,  so  that  on  its  withdrawal  the 
whole  of  the  contents  of  the  hopper  at  once  fall  on  to  the  floor  of 
the  furnace. 

As  soon  as  the  whole  of  the  lead  from  the  preceding  charge  has 
been  drawn  off,  and  the  slags  cleared  out  and  removed,  the  hopper- 
shuttle  is  withdrawn,  and  another  charge  of  ore  allowed  to  fall  on 
the  floor  of  the  furnace.  The  weight  of  lead  constituting  a  chai^ 
for  a  furnace  of  this  description  difiers  both  in  accordance  with  its 
size  and  the  quality  of  the  mineral  treated :  in  the  North  of  Eng- 
land about  12  cwts.  are  commonly  charged  at  one  time,  but  in 
Wales  from  20  to  24  cwts.  are  treated  at  one  charge. 

As  soon  as  the  charge  has  been  let  fall  from  the  hopper,  a 
labourer,  placed  at  the  back  doors,  spreads  it  out  equally  over  the 
bottom  01  the  furnace  with  an  iron  rake.  The  doors,  together 
with  the  dampers  communicating  with  the  flues,  are  now  dosed, 
and  the  ore  from  time  to  time  stirred  about  with  an  iron  paddle, 
in  order  to  expose  fresh  surfaces  to  the  action  of  the  air,  which 
constantly  enters  into  the  laboratory  through  the  spaces  existing 
between  the  openings  and  sheet-iron  doors  by  which  they  are  par- 
tially closed.  During  the  first  two  hours  which' elapse  after  charg- 
ing, but  very  little  fuel  is  thrown  on  the  grate,  and  the  roasting 
is  therefore  principally  carried  on  by  the  heat  radiated  frt)m  the 
sides  of  the  furnace  itself,  and  which  bad  become  heated  to  bright 
redness  during  the  latter  part  of  the  preceding  Bhift, 

At  the  expiration  ot  two  hours  from  the  commencement  of  the 
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operation,  tbe  foreman  smelter  opens  the  two  front  doors  &rthe8t 
removed  from  the  fire,  and  throws  into  the  furnace  the  rich  slags 
skimmed  off  the  surface  of  the  lead  obtained  from  the  former 
charge  after  it  has  been  collected  in  the  external  pot  or  lead-pan, 
o,  and  at  the  same  time  his  assistant,  through  the  back  doors^ 
turns  over  the  roasted  oife  with  a  long  ii^)n  paddle* 

After  a  short  time  the  tap-hole  is  opened  for  the  purpose  of 
running  off  the  metallic  lead  obtained  from  the  rich  slag  added, 
and  the  chare^e  again  worked  over  with  an  iron  paddle  as  before 
described.  At  this  stage  the  damper  is  slightly  raised  and  a  little 
fuel  thrown  on  the  fire ;  the  interior  of  the  furnace  quicklj  a^ 
eumes  a  dull-red  heat,  and  the  fusing  matters,  which  begin  to  flow 
down  into  the  interior  basin,  are  brought  back  b^  the  smelter  to 
the  part  of  the  sole  immediately  before  the  fire-bndge,  where  thej 
are  uniformly  spread  over  the  silr^Ace  by  his  assistant,  who  intro» 
duces  his  paddle  through  the  back  doors.  A  little  quicklime  is 
also  thrown  through  the  central  opening  on  the  bath  of  metallic 
lead  which  begins  to  accumulate  on  the  depressed  part  of  the  sole. 
After  a  certain  interval,  the  labourer  again  mixes  with  his  paddle 
the  yarious  substances  of  which  the  charge  is  composed ;  whilst 
the  smelter,  with  a  large  iron  rake^  pushes  the  slags  from  the 
sur&oe  of  the  inner  basin  back  again  to  the  raised  part  of  the 
hearth  directly  before  the  fire-bridge*  The  doors  are  now  left 
open  for  a  short  time,  and  the  metaUic  lead  which  has  been  pushed 
back  before  the  bridge  with  the  slag  flows  back  to  the  lower  part 
of  the  sole. 

The  occasional  cooling  of  the  furnace  is  thought  to  facilitate 
the  separation  of  the  products,  and  thereby  shorten  the  operation^ 

At  the  expiration  of  from  three  to  three  and  a  half  hours,  the 
damper  is  entirely  opened,  and  the  grate  supplied  with  a  larger 
amount  of  fuel ;  the  doors  are  then  all  shut,  and  the  furnace  is 
left  in  that  state  during  three  quarters  of  an  hour. 

At  a  little  more  than  four  hours  from  the  time  of  first  charging, 
the  doors  are  again  opened,  and  the  assistant  stirs  the  contents 
of  the  furnace,  for  the  purpose  of  facilitating  the  descent  into  the 
interior  basin  of  the  particles  of  metallic  lead,  whilst  the  smelter 
pushes  back  to  him  the  slaffs  which  have  accomulated  in  the  lower 

Sart  of  the  furnace.  A  little  quicklime  is  abo  again  added,  for  the 
ouble  purpose  of  liberating  a  portion  of  oxide  of  lead,  and  ren* 
dering  me  slags  less  liquid  and  more  easy  of  removal.  More  fire 
is  now  placed  on  the  grate,  and  a  little  powdered  coal  thrown 
into  the  furnace;  the  doors  are  again  shut,  and  remain  closed 
during  forty  minutes.  At  the  expiration  of  this  period  the  doors 
are  all  reopened,  and,  by  unclosing  the  tap-hole,  the  smelter  allows 
the  metaUic  lead  to  flow  into  exterior  iron  basins  prepared  for 
its  reception.  More  qidcklime  is  afterwards  thrown  into  tiie  inner 
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naservoir,  and  the  slags  thus  dried  up  are  subsequentlj  removed 
by  the  labourer  through  one  of  the  hwtk  doors  of  the  funiace. 

At  Holywell,  each  ton  of  ore  smelted  eonsumes  ten  cwts.  of  coal ; 
but  at  Grassington,  in  Yorkshire,  where  a  more  fusible  galena  is 
employed,  and  the  operation  is  extended  oy^r  a  somewhat  longer 
time,  the  same  amount  of  ore  is  elaborated  at  an  expense  of  7^- 
ewts,  only  of  fuel. 

The  whole  shift  of  a  smelting  furnace,  including  the  time 
necessary  for  casting  the  lead  into  pigs,  occupies  from  6^  to  7  hours. 

In  this  process,  the  first  effect  produced  on  the  ore  by  its  gra- 
dual roasting  is  to  convert  a  portion  of  the  galena  into  sulphate 
of  lead  by  the  oxidation  of  its  constituents ;  another  part  becomes 
changed  into  oxide,  with  the  evolution  of  sulphurous  acid  gas ; 
whilst  a  third  quantity  remains  either  entirely  unaffected,  or  but 
slightly  modified  by  the  treatment  to  which  it  has  been  subjected. 
When,  in  the  after  periods  of  the  operation,  these  three  sub- 
stances are  strongly  heated,  a  reaction  takes  place  between  the 
oxide  and  sulphate  of  lead  formed  and  the  undecomposed  sul- 
phuret :  this  gives  rise  to  the  liberation  of  metallic  lead,  which  is 
collected  in  the  bottom  of  the  furnace,  and  the  formation  of  sul- 
phurous acid,  which  escapes  in  the  gaseous  form,  and  is  carried  off 
Dy  the  flues  to  a  high  chimney,  from  which  it  escapes  into  the  atmo* 
sphere.  This  repeated  cooling  of  the  furnace  during  the  manipu- 
lation brings  back  the  fused  materials  to  a  pasty  condition,  in 
which  state  they  admit  of  being  readily  disintegrated  by  the  action 
of  the  paddle,  and  consequently  afford  a  larger  surface  exposed  to 
the  action  of  the  atmosphere  present  in  the  apparatus.  The  poro- 
sity of  the  mass  likewise  facilitates  the  percolation  of  the  streamlets 
of  metallic  lead,  which  thereby  more  readily  gain  access  to  the 
internal  reservoir  of  the  sole. 

The  drying  up  of  the  slags  by  the  use  of  caustic  Hme  tends  to 
liberate  the  oxide  of  lead  present  in  those  compounds,  and  this, 
on  being  set  free,  reacts  on  any  undecomposed  sulphuret  which 
has  resisted  decomposition  by  roasting.  It  is  also  of  ser- 
vice in  mechanically  thickening  the  scorisB,  and  thereby  rendering 
them  fit  for  subsequent  removal  by  the  rake.  The  iron  tools  em- 
ployed in  this  operation  are  rapidly  attacked  by  the  fused  galena, 
ana  also  tend  to  effect  the  liberation  of  the  metaJilic  lead.  The  smidl 
quantities  of  coal  which  are  likewise  added  in  the  latter  stages  'of 
toe  operation,  aid  in  the  reduction  of  the  oxide  formed,  and  prevent 
the  oxidation  of  the  reduced  metal  obtained  by  the  other  reactions. 

Caletnlnir  or  improvtnir- — The  metal  obtained  by  the  process 
above  described  almost  invariably  contains  a  sufficient  amount  of 
silver  to  render  its  extraction  a  matter  of  commercial  importance ; 
but,  in  addition  to  this,  it  is  not  unfrequently  associated  with  anti* 
mony,  tin,  copper,  and  some  other  impurities,  which  require  tQ>|»f 
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removed  before  the  s^aration  of  the  silver  can  be  advantageoaslj 
undertaken.  When  English  ores  have  been  operated  on,  the  lead 
obtained  is  usually  of  sufficient  purity  to  admit  of  being  at  onoe 
passed,  in  accordance  with  its  richness,  either  to  the  refineiy  or 
desilverising  pots;  but  when  foreign,  and  particularly  Spanish 
minerals  have  been  treated,  it  is  all  but  impossible  to  obtain  good 
lead  without  the  intermediate  process  of  calcination.  This  ope- 
ration consists  of  fusing  the  alloy  in  a  reverberatory  furnace  of 
pecuUar  construction,  and  allowing  it  to  remain,  when  in  a  melted 
state,  exposed  for  a  more  or  less  considerable  period  to  the  oxi- 
dising influences  present  in  the  apparatus.  By  this  treatment, 
the  antimony,  tin,  and  other  metals,  together  with  a  portion  of 
the  lead,  become  oxidised,  and  are  gradually  removed  from  the 
sur&ce  of  the  bath  by  an  iron  rake ;  thus  constantly  exposing  a 
fresh  surface  to  the  action  of  the  gases  of  the  furnace,  until  the 
greater  portion  of  the  impurity  is  removed,  and  a  pure,  or  nearly 
pure,  alloy  of  lead  and  silver  is  obtained. 
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The  furnace  in  which  this"  operation  is  conducted  is  representied 
figs.  19B  and  194 :  fig.  193  is  a  vertical  section,  whilst  fig.  194 
shows  the  general  arrangement  of  the  ground  plan.  OOglc 
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The  Bole  of  this  arrangement  consists  of  a  large  cast  iron  pan 
A  B,  10  feet  in  length,  5  feet  in  width,  9  inches  in  depth  at  the 
extremity  a,  and  8  inches  at  the  other.  This  is  placed  perfectly 
level,  and  rests  on  a  mass  of  masonry  2  feet  6  inches  above  the 
floor,  and  is  bedded  on  a  thin  layer  of  sand,  in  order  that  it  may 
take  in  every  part  a  good  and  equal  bearing.  Around  this  pan, 
but,  to  allow  for  expansion,  not  in  contact  with  it,  are  built 
the  sides  on  which  the  arch  of  the  furnace  is  supported.  This 
arch  is,'at  the  extremity  a,  6  inches  above  the  level  of  the  sole 
pan,- whilst  at  the  other  extremity,  b,  it  is  1  foot  6  inches  from  the 
same  line.  The  fire-place  is  5  feet  in  length,  and  1  foot  6  inches 
in  width,  and  is  divided  from  the  lead-pan  by  a  fire-bridge  2  feet  3 
inches  in  width,  and  rising  about  8  inches  over  the  edge  of  the 
quadrangular  iron  basin. 

At  the  other  extremity  of  the  furnace  are  the  flues,  e,  by 
v^hich  the  draught  into  the  main  chimnev  is  established.  The  pan  is 
likewise  furnished  with  an  iron  lip,  f,  by  which  its  contents  can 
be  run  oflf  into  a  tripod  receiving-pot  when  sufficiently  purified. 
The  large  iron  pot,  €h,  set  in  brick-work,  is  used  for  the  purpose  of 
fusing  the  pigs  of  impure  lead  to  be  operated  on,  which  is  after- 
wards laded  into  the  calcining  furnace  oy  the  aid  of  a  sheet-iron 
spout  introduced  through  the  aperture,  h,  which,  when  not  thus 
employed,  is  carefully  shut  by  a  small  damper 

The  charge  of  one  of  these  furnaces  varies  fit)m  6  to  8  tons ; 
and  before  it  can  be  laded  in,  the  spout,  f,  which  is  grooved  for 
the  reception  of  a  door,  is  closed  by  the  introduction  of  a  proper 

Elate  of  sheet  iron,  behind  which  is  placed  a  dam  made  of  a  mre- 
rick  firmly  luted  in  its  place  with  a  little  moistened  bone-ash. 
The  brick,  together  with  the  external  iron  plate,  is  notched  at  the 
lower  extremity,  so  as  to  form  a  sort  of  tapping-hole  at  the  level 
of  the  bottom  of  the  iron  pan. 

When  the  dam  has  been  properly  arranged,  and  the  fire  has 
been  lighted  sufficiently  long  to  heat  the  sole-plate  to  incipient 
redness,  the  fused  metal  is  laded  into  the  frunace,  and  the  opera- 
tion of  caloini^on  begins.  The  alloy  which  has  been  charged 
into  the  furnace  soon  becomes  covered  on  the  surface  with  a  thick 
granular  scum,  which  is  frequently  removed  by  an  iron  rake 
through  the  door  i,  and  a  clean  metallic  surface  thus  constantly 
exposed.  The  length  of  time  required  for  the  purification  of  the 
lead  necessanly  depends  on  the  nature  and  amount  of  the  sub- 
stance with  which  it  is  combined;  and  consequently  some  va- 
rieties of  hard  lead  will  be  sufficiently  improved  at  the  expiration 
of  twelve  hours ;  whilst  it  is  necessary  in  other  instances  to  con- 
tinue the  operation  during  three  or  four  consecutive  weeks. 

YThen  the  metal  is  in  a  fit  state  for  tapping,  a  small  portion 
taken  out  with  a  ladle  and  poured  into  a  sm^  mould  used  ji^ 
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this  purpose  is  observed,  on  cooling,  to  assnme  on  the  sm&oe 
a  pecidiar  flaky  crystalline  appearance,  which,  when  once  eerai,  is 
easily  again  recognised.  Immediately  that  this  appearance  pre- 
sents itseli^  the  plug  of  bone-ash  is  withdrawn,  ana  the  lead  nm 
off,  through  a  moveable  iron  spout,  into  a  pot  supported  on  a 
tripod  stimd,  from  which  it  is  subsequently  laded  out  into  moulds. 

Concentration  of  the  Sttrer  eontalned  In  liOaA — PaltiaMin«i 
Proeess. — This  method  is  founded  on  the  circumstance,  first  no- 
ticed in  the  year  1829,  by  H.  L.  Pattinson,  Esq.,  of  Newcaetl&on- 
Tyne,  that  when  lead  containing  silver  is  melted  in  a  suitable 
vessel,  and  afterwards  suffered  to  cool  very  slowly  with  constant 
stirring,  at  a  certain  temperature,  near  the  melting  point  of  lead, 
small  metallic  crystals  begin  to  form  within  the  fluid  alloy,  whidi, 
as  rapidly  as  they  are  produced,  sink  to  the  bottom,  and,  on  being 
removed,  are  found  to  contain  much  less  silver  than  the  lead  an* 
ginally  operated  on :  the  still  fluid  alloy  from  which  the  crystals 
have  been  removed  is  at  the  same  time  rendered  proportionally 
richer  in  silver. 

The  application  of  this  discovery  constitutes  "  Fattinson's  Pro- 
cess," which,  when  the  above  detailed  principles  have  been 
properly  understood,  becomes  extremely  simple.  A  series  of  eight 
or  ten  cast  iron  pots  are  set  in  a  row,  with  a  fire-place  beneath 
each.  These  are  each  capable  of  holding  about  5  tons  of  molten 
lead ;  and,  on  commencing  the  operation,  that  quantity  of  metal, 
which  is  called  original  lead,  containing,  it  may  be,  aoout  10  oz. 
of  silver  per  ton,  is  introduced  into  one  of  them  placed  about  tiie 
middle  of  the  series :  this,  when  melted,  is  carefiilly  skimmed  with 
a  small  perforated  ladle,  and  the  fire  immediately  withdrawn  from 
beneath  the  pot.  The  lead  then  begins  very  slowly  to  cool,  and  ia 
constantly  kept  stirred  with  a  long  iron  paddle  or  slice.  In  a 
short  time  small  solid  particles  or  cxystab  of  lead  begin  to  form 
among  the  fluid  mass ;  and  these,  as  they  accumulate  and  &11  to 
the  bottom  of  the  pot,  are  removed  by  means  of  a  large  perforated 
ladle,  in  which  they  are  well  shaken,  and  afterwards  carried  orer 
to  the  next  pot  to  the  right  in  the  series.  This  operation  goes  on 
until  about  four  tons  of  crystals  are  taken  out  of  the  pot  No.  4, 
in  which  we  will  suppose  the  original  lead  to  have  been  melted, 
and  have  been  placed  in  the  pot  No.  3,  at  which  time  the  lead  of  the 
pot  No.  4  will  contain  about  thirty  ounces  of  silver  per  ton,  and 
that  contained  in  No  3  only  about  five  oimces.  The  enriched  lead 
in  the  bottom  of  pot  No.  4  is  then  laded  into  the  next  pot.  No.  5, 
to  the  left  in  the  series,  and  the  same  operation  repeated  in  pot 
No.  4  on  a  fresh  quantity  of  lead. 

In  this  wav  original  lead  is  constantly  introduced,  and  the  re- 
sulting poor  lead  passes  continually  to  the  right,  whilst  the  enriched 
alloy  18  passing  towards  the  left ;  and  as  each  pot  in  tii^  SCTies, 
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when  filled  up  with  lead  of  its  own  quality  as  regards  produce  in 
silver,  is  continuallj  crystallised,  the  poor  lead  passing  to  the  right 
and  the  rich  to  the  left,  it  evidently  follows  that  the  crystals  from 
the  pots  to  the  right  must  become  gradually  deprived  of  their  silver, 
whilst  the  enriched  lead,  as  it  advances  successively  from  pot  to  pot 
towards  the  left,  becomes  richer  and  richer ;  the  nnal  result  being 
that  at  the  end  of  the  series  the  poor  lead  contains  but  a  mere  trace 


195. 


196. 


of  silver,  whilst  the  liquid  alloy,  on  the  other  hand,  becomes  so  rich, 
that  a  large  plate  of  silver  is  obtained  by  submitting  but  a  small 
ouantitv  of  it  to  cupellation.  By  these  repeated  crvstallisatious, 
toe  quality  of  the  poor  lead  is  likewise  found  to  be  much  improved. 
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This  process  is  now  followed  in  nearly  all  the  lead-mimng  di»i 
tricts  01  Gbeat  Britain,  and  bj  it  the  produce  of  silver  in  the 
United  Kingdom  has,  within  the  last  twenty  jears,  been  more 
than  doubled.  In  addition  to  this,  lai^e  quantities  of  lead  are 
amiually  brous;ht  to  England  for  the  purpose  of  being  deailTcrised 
hj  its  application. 

The  arrangement  of  the  pots  in  which  the  crystallisation  of  lead 
containing  silver  is  carried  on  is  represented  figs.  195  and  196 ; 
but,  from  want  of  space,  three  only  of  the  series  are  included  in 
the  woodcut,  a  a  are  the  ordinary  working^U  in  which  the 
crystals  are  obtained,  b  is  the  poor  or  market-pot,  placed  at  the 
extreme  right  of  the  arrangement,  and  which  is  amaller 
than  the  others :  from  this  pot  the  poor  lead  is  laded  out 
into  the  moulds,  and  for  tois  purpose  it  is  a  little  leas 
raised  above  the  level  of  the  floor  than  those  which  are 
adjoining.  During  the  working  of  the  process,  the  ladle 
employed  in  taking  out  the  crystals  is  liable  to  become 
chiUed ;  and  when  this  is  the  case,  the  lead  adheres  to 
it  so  firmly  as  to  stop  up  the  holes  with  which  it  is  perfo- 
rated. To  remedy  this  inconvenience,  small  vessels  full  of 
fused  lead,  raised  to  a  higher  temperature  than  that  of 
the  larger  pans,  are  placed  between  each  two,  with  the 
exception  oi  the  market  pot,  which,  as  it  is  not  used  for 
preparing  crystals,  is  never  worked  in  the  same  way  aa 
the  others.  These  vessels,  c,  are  called  temper-pots,  and 
are  usually  two  feet  in  diameter,  and  therefore  just  admit 
the  ladle  and  allow  it  to  stand  upright.  The  ash-pit,  e, 
of  the  arraugement  extends  the  whole  length  of  the 
series,  and  is  partially  covered  by  the  flooring,  f,  which 
is  supported  by  a  row  of  slender  iron  pillars.  This  is  ap- 
proached by  a  flight  of  steps,  o,  by  which  the  workmen 
can  descend  for  the  purpose  of  attending  to  the  fires  a. 

The  ladle  by  which  the  crystals  are  removed  fix)m  the 
pots,  fi^.   197,  is  about  18  inches  in  diameter  and  5 
mches  in  depth :   the  part  which  is  of  iron  is   about 
4  feet  6  inches  in  length,  and  into  the  socket  is   in- 
serted a  wooden  handle  wluch  may  be  five  feet  in  length. 
The  bottom  of  the  ladle  is  pierced  with    numerous 
holes  for  the  escape  of  the  liqmd  alloy ;  and,  to  prevent 
its  breaking  when  full  of  crystallised  metal,  the  part 
of  the  shani  where  it  is  welded  to  the  bowl  is  made  ex- 
tremely  thick  and  strong.     When  this  strainer  has  been 
^^'     filled  with  crystallised  lead,  it  is  drawn  out  of  the  pot 
by  the  weight  of  the  workman,  who   steps  on  the  top  of  the 
brick- work  and  uses  the  wooden  handle  as  a  lever,   by  which 
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he  again  lets  himself  down  on  the  floor.  On  the  edge  of 
each  pot  is  placed  a  large  pig  of  lead,  into  the  upper  surface  of 
which  a  bar  of  iron  has  been  cast,  and  this  serves  as  a  fulcrum  on 
which  the  shank  of  the  ladle  rests  whilst  it  is  being  violently 
shaken  by  the  workman,  who,  standing  on  a  wooden  bridge  thrown 
over  the  ash-hole,  applies  all  his  force  in  jerking  at  the  other 
extremity. 

When  the  crystallised  lead  has  been  sufficiently  drained  by  this 
treatment,  the  shank  of  the  ladle  is  placed  in  a  hook  attached  to  a 
chain  hangine;  firom  one  of  the  beams  of  the  roof,  and  is  thereby 
swung  over  the  pot  next  in  the  series  to  the  right,  where  its  con- 
tents are  allowed  to  fall.  The  poor  lead  prepared  by  this  process 
should  never  contain  more  than  10  dwts-  of  silver  to  the  ton  of 
metal;  and  the  rich  lead  is  seldom  concentrated  much  beyond 
300  ounces  to  the  ton,  as  beyond  this  point  the  crystals  obtained 
become  too  strongly  charged  with  the  more  valuable  metal. 

KeflnlBir  of  suver. — The  extraction  of  the  silver  contained 
in  rich  lead  is  conducted  in  a  cupel  forming  the  bottom  of  a 
peculiarly  arranged  reverberatory  mmace  called  a  refinery,  figs. 
198  and  199.  £l  this  operation,  the  litharge  produced,  mstead 
of  being  absorbed  by  the  substance  of  the  cupel,  is  rim  off  in  the 
fluid  state  by  a  contrivance  presently  to  be  described.  The  fire- 
place, A,  is  about  two  feet  square,  and  separated  from  the  body  of 
the  fiomace  by  a  fire-bridge  18  inches  broad,  so  that  the  flame  and 
heated  air  pass  directly  over  the  surface  of  the  cupel,  b,  and 
from  thence  escape  through  the  two  openings,  o,  into  the  flue, 
D,  in  connection  with  the  main  chimney  of  the  establishment.  The 
cupel  or  test  consists  of  an  oval  iron  frame,  surrounded  by  a 
ring  four  inches  in  depth ;  its  greatest  diameter  being  four  ^et, 
and  its  lesser  two  feet  and  a  half.  This  frame  is,  in  order  the 
better  to  support  the  bottom  of  the  cupel,  provided  with  four  or 
more  cross-oars,  which  are  four  inches  m  width  and  half  an  inch 
in  thickness :  the  first  of  these  is  placed  about  nine  inches  from 
the  fore  part  of  the  frtime,  and  the  others  at  e^ual  distances  from 
this  bar  to  the  other  extremity  of  the  rim.  This  test-frame  is  now 
beaten  full  of  finely-powdered  bone-ash  slightly  moistened  with 
water  containing  a  small  quantity  of  carbonate  of  potash  (pearlash), 
which  has  the  property  of  agglutinatiog  and  giving  consistency 
to  the  bone-ash  when' heated.  The  centre  of  the  cupel,  after 
the  ring  has  been  well  filled  with  this  mixture  and  solidly  beaten 
down  with  iron  rammers,  is  scooped  out  by  a  small  trowel  until 
the  sides  are  left  two  inches  in  thickness  at  top,  and  three  inches 
wide  at  bottom;  whilst  the  thickness  of  the  sole  itself  is 
reduced  to  one  inch  above  the  surface  of  the  iron  cross-pieces. 
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At  the  fore  part  of  the  test,  called  the  breast,  the  width  of  the 
border  is  increased  to  five  inches ;  and  a  hole  is  here  cut  through 
the  bottom  which  communicates  with  the  passage  or  gateway  % 
which  the  fluid  litharge  makes  its  escape. 


^ViO^.I^riF      r*- 
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109. 

The  teat,  when  thus  prepared,  is  placed  in  the  refinery  fiurnwe. 
of  which  it  forms  the  bottom,  and  is  wedged  at  its  proper  beig» 
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againflt  an  iron  ring,  or  eomp<u9-har^  firmlj  built  into  the  masonry. 
The  height  of  the  arch  of  the  furnace  above  this  bar  is  thirteen 
inches  on  the  side  of  the  fire-bridge,  and  nine  at  the  flues. 

When  this  furnace  is  first  lighted  it  is  necessary  to  apply  the 
heat  with  considerable  care,  since,  if  before  the  test  liad  become 
properly  dry  it  were  subjected  suddenly  to  too  high  a  temperature, 
it  would  be  liable  to  split  and  fiill  to  pieces.  As  soon  as  it  has 
become  perfectly  dry,  and  is  brought  to  a  cherry-red  heat,  it  is 
nearly  mled  with  the  rich  lead  to  be  operated  on,  and  which  has 
been  previously  fused  in  the  cast-iron  pot,  e,  beneath  which  is  a 
small  pit-coal  nre.  The  melted  lead,  when  first  laded  into  the 
furnace  through  the  spout,  «,  becomes  covered  on  its  surface  by  a 
greyish  dross ;  but,  on  increasing  the  heat  to  incipient  whiteness, 
the  surfiM)e  of  the  bath  uncovers,  and  a  covering  of  ordinary 
oxide  of  lead  or  litharge  begins  to  form. 

The  blowing  apparatus,  which  furnishes  the  blast  to  the  tuyere, 
fy  is  now  set  in  motion,  and  forces  the  litharge  from  the  back  of 
the  cupel  up  to  the  breast,  and  over  the  gateway,  from  which  it 
falls  through  the  aperture  in  the  cupel  into  a  moveable  iron  pot 
placed  for  that  purpose  on  a  level  with  the  floor  of  the  smelting 
nouse.  This  current  of  air,  which  may  be  supplied  either  by  a 
ventilator  or  bellows,  not  only  sweeps  off  the  litharge  from  the 
Burfiice  of  the  lead,  but  also  mmishes  the  oxygen  required  for  its 
formation,  care  being  at  the  same  time  taken  to  keep  up  the  proper 
degree  of  heat. 

In  proportion  as  the  surface  of  the  lead  becomes  depressed  by 
its  continual  oxidation  and  the  constant  removal  of  the  litharge 
formed,  more  metal  is  added  from  the  melting  pot  so  as  to  raise 
it  to  its  proper  heifirht,  and  in  this  manner  the  operation  is  con- 
tinued until  about  five  tons  of  rich  lead  have  in  successive  portions 
been  introduced  into  the  test. 

The  contents  of  the  cupel  are  now  so  fiir  reduced  in  volume 
that  the  whole  of  the  silver  contained  in  the  metal  operated  on 
may  remain  in  combination  with  only  two  or  three  hundred 
weight  of  lead,  which  is  now  removed  i5rom  the  test  by    "'^' — 


a  hole  through  the  bone-ash  forming  the  bottom.  When  the 
rich  lead  has  been  thus  removed,  the  tapping-hole  is  again  closed 
by  a  pellet  of  moistened  bone-ash,  and  another  charge  is  imme* 
diateiy  introduced.  After  a  sufficient  number  of  these  parcels  of 
rich  lead  have  been  obtained  as  are  found  by  assay  to  be  capable 
of  yielding  a  cake  of  silver  wei^ng  from  three  to  five  thousand 
ounces,  they  are  again  melted  down,  and  placed  in  a  cupel, 
where  the  process  of  extracting  the  pure  silver  is  completed.  The 
test  used  for  this  purpose  d^ers  &om  that  in  which  the  lead  is 
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first  introduced,  inasmucli  as  it  is  so  hollowed  out  in  the  bottom 
as  to  jpye  thickness  to  the  resulting  plate  of  silver,  and  allow 
space  &T  the  removal  of  the  slags  around  its  edges  after  the  opera- 
tion has  heen  completed.  The  orightening  of  the  pure  silver  at 
the  moment  of  separating  the  last  traces  of  combined  lead,  takes 
place  in  the  larse  furnace  as  in  the  small  cupel,  and  the  arboreeoent 
forms  produced  on  the  surface  of  the  plate  at  the  moment  of 
cooling  are  frequently  of  the  most  beautiful  description.  The 
small  nood  and  chimney,  ff,  shown  in  the  woodcut,  are  for  the 
purpose  of  carrying  off  the  fumes  of  lead  generated  during  the 
operation,  and  whicL,  if  breathed  by  the  workmen,  would  be  pro- 
ductive of  the  most  prejudicial  effects. 

Previous  to  the  discovery  of  the  present  methods  of  improving 
and  enriching  the  metal  obtained  directly  from  the  ores,  none  but 
moderately  rich  leads  could  be  treated  for  the  silver  which  they 
contained,  as  they  were  on  their  reduction  immediately  sent  to 
the  refinery,  where  the  combined  silver  was  extracted,  whilst  the 
whole  of  the  associated  lead  became  converted  into  litharge,  which 
had,  at  a  considerable  expense,  again  to  be  reduced  to  the  metallic 
state.  This  method  of  treatment  not  only  involved  the  expendi- 
ture of  a  large  amount  of  coal,  but  likewise  the  loss  of  at  least  7 
per  cent,  of  the  lead  operated  on ;  and  consequently  lead  that  did 
not  contain  from  9  to  11  oz.  of  silver  per  ton,  did  not  admit  of 
being  profitably  refined.  When  the  lead  and  silver  were  also 
associated  with  tin  or  antimony,  the  difficulty  and  expense  of  tlua 
process  were  much  increased,  and  proportionally  richer  ores  were 
consequently  required  in  order  to  render  its  extniction  a  profitable 
undertaking.  By  the  improved  methods  just  described,  lead  con- 
taining but  3  oz.  of  silver  to  the  ton  of  metal  may  be  refined 
with  advantage,  as  from  the  circumstance  of  the  whole  of  the 
silver  being  concentrated  in  about  1-tenth  of  the  weight  of  lead, 
a  very  smaU  portion  of  that  metal  is  dissipated  during  the  cupella- 
tion.  When  very  rich  lead  is  operated  on,  the  plate  of  silver  is 
sometimes  directly  worked  ofi^,  instead  of  ti^in^  the  rich  alloy 
from  the  cupel  in  the  way  above  described.  The  htharge  obtained 
from  the  refining  furnace  carries  off  with  it  a  notable  quantity  of 
silver,  and  is,  therefore,  together  with  the  reduced  cupel  bottoms^ 
again  treated  for  the  extraction  of  that  metal. 

Rcdttdnir* — The  reduction  to  the  metallic  state  of  the  litharge 
from  the  refinery,  the  pot  dross,  and  the  mixed  metallic  oxides 
from  the  calcining  pans,  is  effected  in  a  reverberatoiy  apparatna 
somewhat  resembling  in  form  the  smelting  furnace,  except  that  its 
dimensions  are  smaller,  and  that  the  sole,  instead  of  being  lower 
beneath  the  middle  door  than  at  any  other  part,  gradually  8l<^pes 
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down  from  the  fire-bridge  to  the  flue  at  the  opposite  extremity, 
where  there  is  a  depreasion,  in  which  is  situated  the  tap-hole ; 
this  constantly  remains  open,  and  from  it  the  reduced  metal 
continually  flows  out  into  a  small  iron  pot  placed  on  the  side  of 
the  furnace  for  its  reception :  from  this  it  is  subsequently  laded 
into  proper  moulds,  usually  bearing  the  name  of  the  smelting 
Company  by  which  it  has  been  prepared. 

Before  l>eing  thrown  into  the  furnace,  the  litharge  is  intimately 
mixed  with  a  quantity  of  small  coal,  and  is  then  charged  on  that 
part  of  the  hearth  which  lies  immediately  before  the  fire-bridge. 
To  prevent  the  fused  oxide  fix)m  attacking  the  bottom  of  the  f&s 
nace,  and  also  to  afford  a  sort  of  hollow  filter  for  the  liquid  metal, 
the  workman,  before  charging  the  substance  to  be  reduced,  covers 
the  sole  with  a  layer  of  about  two  inches  in  thickness  of  bituminous 
coals.  The  heat  of  the  furnace  very  soon  causes  the  ignition  of 
this  stratum,  and  it  therefore  quickly  becomes  burnt  to  the  state 
of  a  spongy  red*hot  cinder,  upon  which  the  mixed  litharge  and 
carbonaceous  matter  is  charged.  The  reducing  gases  present  in 
the  furnace,  aided  by  the  small  coals  in  the  charge  itself,  cause 
the  reduction  of  the*  litharge,  which,  assuming  the  metallic  form, 
gradually  flows  through  the  interstices  in  the  cinder,  and  falls  into 
the  depression  at  the  extremity  of  the  hearth,  from  whence  it 
gradually  flows  through  an  iron  spout  into  the  external  pot  in 
which  it  is  collected.  The  surface  of  the  charge  is,  durmg  its 
elaboration,  fr^uently  scratched  over  with  an  iron  rake,  pine,  for 
the  double  purpose  of  exposing  new  sur£EU^s  to  the  action  of  the 
furnace,  and  also  to  enable  the  reduced  lead  to  more  readily  flow 
down  to  the  other  end  of  the  sole,  and  which,  if  too  long  exposed 
to  the  action  of  the  heated  gases,  would  experience  considerable 
loss  from  sublimation  into  the  flues.  Fresh  quantities  of  the 
mixture  of  litharge  and  small  coal  are  from  time  to  time  added,  in 
proportion  as  that  already  thrown  into  the  furnace  disappears, 
and  at  the  end  of  the  shift,  which  usually  lasts  twelve  hours,  the 
cinder  floor  is  broken  up  and  pined,  together  with  the  residual 
matter  in  the  furnace. 

The  temperature  at  this  period  is  likewise  a  little  raised,  and 
the  last  quantities  of  lead  extracted.  A  furnace  of  this  kind, 
having  a  sole  six  feet  in  length  and  five  in  width,  will,  from  or- 
dinary litharge,  aflbrd  about  three  tons  ten  hundred  weight  of  lead 
m  the  course  of  twenty-four  hours. 

Before  reducing  the  dross  from  the  calcining  pans,  it  is  turaally 
ground  with  a  certain  admixture  of  pit  coal  under  a  pav  of  heavy 
edge-runners,  by  which  it  becomes  more  equally  intermixed  with  the 
carbonaceous  matters,  and  the  composition  of  the  mass  throughout 
IB  rendered  more  uniform. 
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'Pie  hard  lead  obtaiiied  hj  the  reduction  of  the  dro88  is  agam 
carried  to  the  calcining  furnace,  where  it  is  a  second  time  aob- 
jected  to  a  current  of  oxidising  gases. 

Scotch  Pomace,  mr  •re  Hearth. — ^In  many  parts  of  Ebgland, 
and  particularly  in  the  counties  of  Durham,  Cumberland,  and 
Northumberland,  the  smelting  of  lead  ores  is  principallj  conducted 
in  an  arrangement  called  a  Scotch  fiimaoe,  or  ore  hearth,  l^iii 
consists  of  a  rectangular  cavity  of  masonry,  twenty-four  inches  in 
length  and  about  twelve  in  breadth ;  its  depth  varies  from  twenty- 
two  to  twenty-six  inches,  and  the  whole  of  its  internal  sor&oe  ii 
lined  with  cast  iron.  The  bottom,  which  consists  of  but  one 
casting,  is  surrounded  by  a  ledge  two  inches  and  a  half  in  thickness 
and  five  inches  in  height ;  except  on  the  side  facing  the  wark-^cme, 
a,  fig.  200,  whidi  is  Wo  feet  ten  inches  in  breadth,  and  about  one 
foot  six  inches  in  the  other  direction. 


200. 


This  is  also  surrounded  by  a  narrow  ledge,  b,  on  every  side 
except  at  c,  opposite  the  hearth  bottom.  This  plate  is  placed  with 
a  fall  of  about  six  inches  in  ito  whole  width ;  its  upper  side  rests 
on  the  ledge  surrounding  the  hearth-bottom,  or  in  some  instancei 
is  united  to  it,  and  only  forms  one  casting :  when  this  is  not  the 
case,  the  joint  between  the  two  is  dosed,  and  made  lead*tiflht  hjr 
a  cement  composed  of  a  mixture  of  bcme-aah,  moistened  wita 
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^ter,  and  well  kneaded  together.  On  the  back  edge  of  the  for- 
naoe-bottom  is  placed  a  prism  of  cast  iron  called  a  back-stone,  six 
and  a  half  inches  square  and  twenty-eight  inches  in  length ;  on 
this  rests  the  nozzle  of  the  tuyere,  oyer  which  is  again  placed 
another  cast  iron  prism  called  the  pipe-^tone,  of  the  same  length  as 
the  badc-stone,  and  eight  inches  in  height.  This  has  at  the  centre 
a  cavity  for  the  introduction  of  the  tuyere,  and  projects  about  two 
inches  over  the  cavity  of  the  hearth ;  on  it  is  again  placed  another 
back-stone  of  the  same  dimensions  as  the  first,  which  completes 
this  side  of  the  hearth,  and  makes  its  total  height  from  the  sole 
plate  twenty-five  and  a  half  inches.  Along  the  two  lateral  edsies 
of  the  hearth-bottom  are  placed  two  prismatic  castings  caUed 
hearers;  these  are  twenty-six  inches  in  length  and  five  inches 
square,  and  consequently  project  slightly  over  the  upper  edge  of 
the  work-stone.  At  the  height  of  five  mches  above  these  bearers, 
and  at  a  distance  of  twelve  inches  from  the  back  of  the  hearth,  is 
supported  another  bar  of  cast  iron,  caUed  the  fwestone,  which 
rests  on  fire-bricks,  and  has  the  same  form  and  dimensions  as  that 
on  which  rests  the  tuyere  of  the  blowing  apparatus.  The  space 
at  each  end  of  the  fore-stone  is  now  closed  oy  a  cube  of  cast  iron 
measuring  six  inches  of  a  side,  called  a  key-stone ;  two  others,  of 
similar  dimensions,  are  used  for  making  good  the  space  between 
the  fore-stone  and  the  back  part  of  the  furnace. 

Before  the  work-stone,  a,  and  set  in  masoniy  enclosed  in  a  cir- 
cular cast  iron  jacket  e,  is  situated  the  lead  pot,  e,  into  which  the 
melted  metal,  as  it  issues  from  the  hearth,  is  conducted  by  the 
obliaue  channel/,  sunk  beneath  the  surfiice  of  the  iron  plate. 
In  tne  woodcut  tlus  pot  has  not  been  placed  sufficiently  near  the 
furnace.  To  prevent  the  escape  of  fumes  into  the  smelting-house, 
which  would  seriously  injure  the  health  of  the  persons  employed, 
the  entire  hearth  is  enclosed  in  a  hood  of  arched  masoniy,  h,  com- 
municating with  the  chimney,  and  in  which  is  left  a  small  door,  i, 
for  the  introduction  of  the  ore  and  fuel.  The  moveable  iron  plate, 
k^  admits  of  being  raised  or  depressed  at  pleasure,  according  to 
the  degree  of  draught  required ;  aud  the  blast  communicating  with 
the  tuyere  is  regulated  by  a  valve  placed  in  a  pipe  approached  by 
the  arched  door-way,  l,  which  is  left  open  for  this  purpose.  The 
brick-work  is  consolidated  and  bound  together  by  the  heavy  iron 
straps  ly  kept  in  their  places  by  screw-l]^lts  passing  through  the 
masonry  beneath  the  foundation  of  the  hearth. 

Treatment  of  Ores  in  the  Scotch  Furnace:  Roasting,— The 
ores  smelted  in  the  Scotch  furnace  were,  to  within  a  comparatively 
recent  period,  merely  subjected  to  a  careful  mechanical  prepara- 
tion, previous  to  their  direct  metallurgic  treatment.  It  has,  now- 
ever,  of  late  years  been  found  advantageous  to  roast  them,  so  as 
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to  effect  their  partial  desiQpliuratioii  and  oxidation,  before  work* 
ing  them  for  the  metal  they  contain.  The  fiirnaoe  employed 
for  this  purpose  varies  considerably  in  its  dimensions  in  oraer  to 
suit  the  different  varieties  of  mineral  operated  on,  but  always 
consists  of  a  long  flat  hearth,  covered  by  a  low  arch,  and  heated 
by  a  fire-place  situated  at  one  end ;  there  are  also,  in  most  cases, 
two  doors,  on  either  side,  for  the  withdrawal  and  working  of 
the  mineral  treated.  From  nine  to  eleven  hundred  weight  of 
^ena  or  other  ore  of  lead  usually  constitutes  the  charge  of  s 
tanuace  of  thiB  description,  and  requires  from  two  and  a  half  to 
three  hours  to  become  sufficiently  roasted.  The  mineral,  whidi 
is  introduced  into  the  furnace  without  any  kind  of  flux,  is  first 
spread  evenly  over  the  surfsice  of  the  sole,  and  the  fire  afterwards 
80  arranged  as  to  keep  it  constantly  at  a  temperature  below  the 
melting  point  of  galena.  By  this  means  copious  mmes  of  solphurous 
acid  are  presently  seen  to  escape  from  its  sui&ce,  and  if  any  portian 
should,  from  approaching  too  nearly  the  point  of  frision,  oeeome 
clammy,  a  fresh  surface  is  presented  to  the  action  of  the  air.  In 
this  way  a  large  proportion  of  the  sulphur,  antimony,  &c^  eca^ 
tained  in  the  mineral  is  driven  off,  and  the  slime  ores  and  other 
friable  substances  are  so  far  afi;glutinated  as  to  be  enabled  to 
resist  the  force  of  the  blast  without  being  liable  to  be  earned  off 
into  the  flues  in  the  form  of  fine  dust. 

Smelting. — At  the  termination  of  every  shift,  a  quantity  of  ore 
remains  on  the  hearth  in  a  semi-reduced  state,  called  6ro«we,  and 
is  more  or  less  mixed  with  fragments  of  coke  and  dinkers,  from 
which  it  is  afterwards  roughly  separated. 

To  commence  a  new  shift,  the  cavity  of  the  frimace  is  filled  up 
with  blocks  of  peat  cut  into  rectangular  blocks :  those  at  the  back 
part  of  the  hearth  are  heaped  up  without  any  kind  of  order,  but  those 
placed  towards  the  front  are  arranged  in  the  shape  of  a  regular  walL 
The  bellows  is  now  set  in  action,  and  an  ignited  peat  thrown  imme- 
diately before  the  nozzle,  which  quickly  communicates  the  com* 
bustion  to  the  whole  mass.  On  the  top  of  this  a  few  shovelfiils  of 
coal  are  afterwards  sprinkled,  for  the  double  purpose  of  binding 
and  consolidating  the  mass,  and  also  to  increase  the  temperature 
obtained.  The  browse  resulting  from  the  precedins  operation  is 
then  thrown  on  the  surface  of  the  ignited  mass,  and  shortly  after- 
wards the  larger  portion  of  the  matters  contained  in  the  intenul 
basin  of  the  hearth  are,  by  the  aid  of  a  large  rake,  drawn  out  on 
the  work-stone ;  the  refuse,  or  grey  slag,  which  is  known  by  its 
shining  appearance,  is  now  removed  with  a  shovel,  and  thrown  to 
the  right  of  the  furnace.  The  browse  thus  cleaned  from  slag  is 
again  thrown  back  into  the  hearth,  with  the  addition,  if  it  be 
required,  of  a  little  finely  powdered  coal.    If,  as  sometimes  hap- 
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pens,  the  browse  has  not  been  properly  freed  from  slag,  but  be-r 
comes  pasty  and  evinces  a  tendency  to  frise,  it  must  be  hardened 
by  the  addition  of  a  small  quantity  of  quick-lime,  which,  by  its 
affinity  for  the  siliceous  and  other  matters  present,  dries  up  the 
materials  in  such  a  way  as  to  facilitate  the  subsequent  extraction 
of  the  lead.  When,  on  the  contrary,  the  ore  is  found  too  re- 
fractory, a  small  addition  of  lime  is  made ;  but  in  this  case  a  less 
quantity  is  employed,  as  it  is  only  intended  as  a  flux  for  the  re- 
finctory  matters  present,  and  not,  as  in  the  other  instance,  to  act 
also  as  a  dryer  of  the  too  fusible  scoriie  obtained.  The  lumps  of 
slag  which  are  thus  formed  contain  on  an  average  one-tenth  part  of 
the  lead  originally  present  in  the  Ore,  and  are  therefore  collected 
for  the  purpose  of  bemg  afterwards  treated  in  a  small  cupola-fiimaoe 
called  a  ^loff-hearth. 

When  the  whole  of  the  browse  has  been  thrown  back  into  the 
hearth,  a  few  shovelfuls  of  roasted  ore  are  sparingly  thrown  on  the 
top  of  it :  before  doing  this,  however,  it  is  necessary  to  remove  the 
scorisB,  and  place  a  lump  of  peat  before  the  tuyere,  which  not  only 
prevents  any  of  the  mineral  from  entering  the  nozzle,  but  likewise, 
from  its  porosity  and  the  readiness  with  which  it  is  ignited,  serves 
to  spread  the  blast  equally  through  the  different  parts  of  the  mass. 
After  an  interval  of  aoout  twenty  minutes  the  contents  of  the  fur- 
nace are  again  drawn  out  on  the  work-stone,  and  another  portion  of 
metallic  lead  is  carried  by  the  channel,  /,  into  the  pan,  e.  The 
grey  slag  is  removed  by  the  use  of  the  rake,  and  another  lump  of 
peat  is  placed  before  the  tuyere.  The  browse,  together  with  a 
proper  quantity  of  coal  and  quicklime,  are  again  thrown  on  the  fire, 
ana  on  the  top  of  the  whole  is  laid  a  fresh  supply  of  raw  or  roasted 
ore.  These  operations  are  continued  during  twelve  or  fourteen 
hours,  and  at  tiie  termination  of  the  shift  a  produce,  varying  with 
the  nature  of  the  ore,  of  from  one  to  two  and  a  half  tons  of  metallic 
lead,  is  obtained. 

The  lead  prepared  by  this  process  is  invariably  more  pure  than 
tiiat  produced  m  the  smelting  furnace :  this  arises  from  the  circum- 
stance, that,  being  exposed  to  a  less  elevated  temperature,  the  more 
fusible  constituents  of  the  ore  are  alone  obtained,  whilst  in  the 
smelting  fiimaoe  the  heat  employed  is  so  great  as  to  effect  the 
reduction  of  some  of  the  foreign  metals  contained  in  the  mineral, 
which,  by  entering  into  combination  with  the  liberated  lead, 
tend  to  impair  its  quality. 

siair  Hearth. — The  various  slags  obtained  from  the  different 
operations  of  a  lead-smeltine  works  are  divided  into  two  classes. 
Those  which  contain  so  smalT  a  proportion  of  metal  that  its  extrac- 
tion cannot  be  conducted  ¥nth  advantage  are  thrown  away ;  whilst 
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those  in  which  the  amount  of  lead  is  sufficientlj  oonrndenible  are 
treated  in  the  slag  hearth. 

This  consists  of  a  bbist  furnace— /otimeov  a  maneke — having  the 
fbnn  of  a  rectangular  prism,  about  twenty-six  inches  in  lengtli, 
twMitj-two  in  biladth,  and  thirty-three  in  height.  The  bottom  is 
composed  of  a  cast  iron  plate  two  inches  in  thickness,  which  is  laid 
with  a  slight  inclination  £rom  the  side  of  th«  tuyere  towards  the 
front  of  the  furnace.  On  each  side  of  the  bottom  plate  are  plaeed 
cast  iron  bearers,  similar  to  those  of  the  ore-heaith  aJreadf 
described ;  and  on  these  is  supported  the  fore  hearth,  which  con- 
sists of  two  stout  plates  of  cast  iron  of  about  twelve  inches  in 
breadth  and  twenty-six  in  length.  A  space  of  about  ^re  inches 
is  thus  left  between  these  tront  stones  and  the  bottom  of 
the  furnace,  and  an  additional  height  of  two  and  a  half  indws 
is  gained  by  placing  between  them  a  row  of  fire-bricks  laid  on 
their  flat. 

The  slags  which  escape  from  this  fiimaoe  through  the  opening 
at  the  breast  pass  over  the  sur&ce  of  a  pot  of  peculiar  oonsta-uctka, 
and  then  flow  into  a  large  iron  cistern  sunk  into  the  earth,  and 
through  which  a  current  of  cold  water  is  constantly  made  to  flow. 
This  causes  the  liquid  slags  to  fly  in  pieces,  and  thus  adapts  them 
for  the  operation  of  washing,  to  which  they  are  subsequently  sob* 
jected. 

Before  working  a  furnace  of  this  description,  its  bottom  is  filled, 
to  the  height  of  about  fifteen  inches,  with  small  spongy  cinden 
pretty  closely  beaten  together,  and  which  reach  to  withm  four  or 
five  inches  of  the  orifice  of  the  tuyere.  The  pot  for  the  reo^tkn 
of  the  lead  is  likewise  filled  with  these  cinders,  which  are  in  both 
cases  intended  to  act  the  part  of  a  filter  in  the  separation  of  the 
metallic  lead  from  the  less  fusible  contents  of  the  hearth.  On  the 
filter  of  cinders  thus  prepared  are  piled  masses  of  peat,  similar  to 
those  used  in  the  Scotch  furnace :  one  of  these  is  igmted  and  thrown 
before  the  tuyere,  and  the  blast  immediately  turned  on. 

When  the  peat  has  become  fairly  ignited,  some  good  hard 
coke  is  thrown  in,  and,  as  soon  as  it  i^pears  properly  inflamed,  a 
stratum  of  grey  slag,  or  any  other  product  to  be  treated,  is 
introduced.  The  hearth  is  from  this  time  supplied  with  alternate 
strata  of  fuel  and  slag,  as  explained  under  the  article  Iron  when 
describing  the  reduction  of  iron  ores.  In  this  process  metsllie 
lead  and  a  perfectly  fluid  slag  are  obtained;  but  the  former  is 
entirely  separated  from  the  latter  by  percolating  through  the  ashy 
filter,  whilst  the  slag,  from  its  viscidity,  can  only  flow  over  its  8iir> 
&ce.  When  the  slag  has  become  sufficiently  melted,  which  hso- 
pens  shortly  after  the  furnace  has  been  first  set  in  action,  the  wois- 
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man  with  a  bent  iron  bar  makes  a  hole  of  about  an  inch  in  diameter 
directly  through  the  layer  of  cinder :  this  causes  the  liquid  silicates 
to  flow  out  of  the  furnace  in  a  red-hot  stream,  which,  after  passing 
over  the  surface  of  the  pot  for  the  reception  of  the  lead,  falls  into 
the  large  cistern  of  water.  The  lead  obtained  from  the  slag  hearth 
IB,  from  the  high  temperature  at  which  it  is  reduced,  always  inferior 
in  quality  to  that  procured  directly  from  the  ore,  and  this  process, 
therefore,  is  never  applied  to  the  treatment  of  products  which 
admit  of  being  economically  worked  by  either  of  the  furnaces  before 
described. 

In  addition  to  being  employed  for  the  reduction  of  slags  and 
other  lead  products  affording  but  a  small  per-centage  of  that  metal, 
this  apparatus  is  sometimes  applied  to  the  smelting  of  some  of  the 
foreign  carbonates  of  lead,  in  the  elaboration  of  which  the  object 
sought  is  rather  the  extraction  of  the  silver  which  they  contain  than 
the  reduction  of  the  largest  possible  amount  of  lead. 

From  the  facility  with  which  lead  becomes  sublimed  at  high 
temperatures,  large  quantities  are  in  all  smelting  establishments 
annually  carried  off  in  the  form  of  fume. 

This  not  only  causes  considerable  loss  to  the  smelter,  but  is  like- 
wise extremely  prejudicial  to  the  vegetation  and  cattle  in  the  neigh- 
bourhood of  the  works,  and  for  this  reason  every  precaution  is 
taken  to  prevent  its  dispersion  in  the  atmosphere.  With  this  view 
the  flues  connected  with  the  various  furnaces  are  commonly  made 
to  communicate  with  large  chambers,  in  which  the  sublimed  lead 
is  condensed  by  a  shower  of  cold  water  falling  from  the  roof.  With 
the  same  view,  the  whole  of  the  gases  passing  through  the  flues 
have  sometimes  been  drawn  through  a  stratum  of  cold  water ;  but 
all  these  contrivances,  from  the  amount  of  mechanical  power 
required  to  work  them,  are  costly  in  their  operation,  and  for  this 
reason  long  flues,  in  connection  with  properly  constructed  con- 
densing chambers  and  a  high  chimney,  are  more  generally  preferred 
The  condensed  fumes  obtained  from  the  flues  are  best  treated  by 
being  first  roasted  with  a  mixture  of  raw  ore,  and  afterwarcu 
smelted  in  the  Scotch  furnace. 

OEBMAN  METHOD  OP  LEAD-SMELTING. 

In  some  parts  of  Europe,  and  particularly  where  the  ores  have 
a  low  produce  in  lead,  and  are  at  the  same  time  associated  with  a 
siliceous  gangue,  the  metal  is  reduced  by  the  action  of  metallic 
iron  in  the  way  described  when  treating  of  lead  assaying. 

If  minerals  of  this  class  were  subjected  to  similar  processes  to 
those  employed  in  this  country  for  moderately  rich  galenas,  a  large 
quantity  of  lead  would  be  lost  in  the  form  of  oxide,  which,  instead 
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of  reacting  on  the  undecomposed  snlpburet,  would  combine  witii 
the  silica  present  to  form  a  vitreous  slag  extremely  difficult  ci 
reduction.  The  method  of  reducing  the  sulphuret  of  lead  by  means 
of  metallic  iron  is  extensively  practised  in  many  parts  of  the  Hartz, 
particularly  at  Clausthal. 

The  ore  treated  consists  of  a  mixture  of  crushed  galena  and 
Bchlich,  to  which  are  added  various  secondary  products  obtained  at 
different  stages  of  the  process. 

The  mixture  treated  in  the  furnaces  of  Clausthal  consists  of  M 
quintals  (cwts.)  of  ground  ore  and  schlich,  equivalent  to  24  quin- 
tals of  pure  galena. 

4  to  5  quintals  of  cupel  bottoms  strongly  impregnated  witit 
litharge. 

1  quintal  of  abstrich  or  first  oxide  formed  on  the  surface  of  the 
cupel. 

39  quintals  of  slags,  derived  either  from  the  first  fusion  of  tbe 
mineral  treated,  or  from  the  remelting  of  the  matts.  These  slags 
are  added  for  the  purpose  of  effecting  the  fusion  of  the  gangue. 

4ii  quintals  of  8;ranulated  cast  iron.^ 

The  fusion  of  this  mixture  is  conducted  in  a  small  blast  fumaee 
of  from  twenty  to  twenty-five  feet  in  height,  and  about  three  feet 
in  diameter  in  the  widest  part.  The  crucible  placed  at  the  bottom 
of  the  hearth  is  so  arranged  as  to  extend  bevond  the  breast  of  the 
furnace  into  a  small  raised  platform  situated  immediately  before  it. 
The  lining  of  the  hearth  consists  of  a  kind  of  refractory  fire-stone, 
and  the  bottom,  which  is  slightly  hollowed,  is  covered  for  a  cox^- 
derable  thickness  with  a  mixture  of  powdered  charcoal  and  refirac^ 
tory  clay,  in  such  a  way  as  to  afford  a  gentle  slope  from  tbe  side  of 
the  tuyere  to  beyond  the  front  wall  of  the  furnace.  A.  tapping- 
hole  enters  at  the  lowest  part  of  this  basin,  and  affords  a  means  of 
drawing  off  its  contents  when  accumulated  in  sufficient  quantity. 

This  receiving  basin,  a,  fig.  201,  is  placed  on  a  level  with 
the  floor  and  at  some  distance  from  the  breast  of  the  fumaoe^ 
which  is  supplied  with  a  current  of  air  forced  through  two  tuyeres 
situated  at  t,  fig.  202,  in  the  opposite  face  of  its  refractory  lining. 
In  charging  the  mineral,  care  is  taken  to  direct  it  towards  tbe  side 
of  the  tuyere,  whilst  the  combustible  is  chiefly  thrown  towards  the 
breast.  The  cold  air  constantly  entering  these  tuyeres  rapidly 
cools  the  slag  produced  in  their  immediate  vicinity,  and  forms 
around  the  nozzles  circular  channels  of  six  or  seven  inches  in  length, 
on  the  proper  management  of  which  in  a  great  measure  depends  the 
success  of  the  operation.  One  of  the  principal  effects  produced  by 
these  channels  is  to  prevent  the  oxidation  of  the  ore,  as  the  blast 

1  Begrnault. 
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is  by  this  means  brought  into  immediate  contact  with  the  fuel 
without  first  having  to  pass  through  the  mineral  charged  at  the 


202. 


back  of  the  furnace,  and  cannot,  therefore,  so  readily  give  rise  to 
the  formation  of  litharge  and  the  consequent  loss  in  the  form  of 
fusible  silicates  of  lead. 

With  this  view  the  smelter  bestows  the  greatest  attention  to  the 
proper  regulation  of  the  length  of  the  slag  nozzles,  as  by  it  the 
economical  working  of  the  ^imace  is  most  materially  affected.  It 
is  also  found  necessary,  by  a  proper  regulation  of  the  supply  of  air 
and  fuel,  to  so  arrange  the  temperature  that  the  upper  extremity 
of  the  shaft  may  not  become  too  strongly  heated,  as  in  this  case 
large  quantities  of  galena  are  driven  off  before  arriving  in  that  part 
of  the  furnace  in  which  their  decomposition  is  effected.  With  all 
these  precautions,  there  is,  however,  a  constant  loss  from  sublima- 
tion, and  therefore  the  whole  of  the  gases  passing  from  the  tunnel- 
hole,  T,  are  made  to  pass  through  a  series  of  chambers,  o  c,  before 
escaping  into  the  atmosphere  by  the  chimney,  b. 

In  these  chambers  large  quantities  of  fume  gradually  accumu- 
late ;  this  is  occasionally  removed  through  the  doors,  d^  for  the 
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purpose  of  being  mixed  with  other  lead  products,  aiid  again  treated 
in  the  furnace. 

During  the  whole  time  this  arrangement  is  in  action  the  scons 
flow  continuously  into  the  fore-hearth,  where,  being  solidified,  ther 
are  seized  by  a  labourer  with  a  stout  iron  hook,  and  dragged  dom 
the  inclined  plane,  p^  to  the  foundry  floor.  When  the  interior 
basin,  6,  has  become  filled  with  metallic  products,  the  plug  is 
removed  from  the  tapping-hole  communicating  with  the  reserroir, 
a,  into  which  the  fused  metal  is  rapidly  drawn  off. 

The  products  thus  run  off  into  the  outer  basin  readily  divide 
into  two  parts ;  the  lower  portion  is  metallic  lead,  whilst  the  higher 
.  consists  of  sulphuret  of  lead  more  or  less  mixed  with  the  sol- 
phurets  of  the  other  metals  originally  present  in  the  ore,  and  par- 
ticularly with  sulphuret  of  iron  resulting  fromthedecompositioiiof 
galena  by  that  metal.  This  substance,  which  readily  solidifies,  is 
called  the^r«^  lead  matt,  and  is  removed  firom  the  surface  of  tiie 
bath  by  an  iron  hook,  and  stowed  in  a  proper  situation  for  subse- 
quent treatment.  The  lead  is  afterwards  laded  into  moulds,  where 
it  assumes  the  form  of  massive  lenticular  ingots.  The  poorer  sbgs 
tare  now  removed  and  thrown  away,  whilst  those  which  have  beai 
withdravm  from  the  surface  of  the  external  basin,  and  contain 
numerous  granules  of  metallic  lead,  are  added  as  a  flux  in  a  fiituR 
operation.  When  a  sufficient  quantity  of  rich  slag  is  not  to  be 
procured,  some  of  the  poorer  scoriae  are  likewise  us«i  for  this  pm^ 
pose ;  but  this  never  takes  place,  except  when  a  proper  supply  of 
the  richer  variety  is  not  to  oe  procured.  The  products  obtained 
from  a  mixture  having  the  weight  and  composition  before  given, 
consist  of  nineteen  quintals  of  metallic  lead  and  eight  quintals  of 
first  matt,  containing  from  30  to  35  per  cent,  of  lead. 

When  a  sufficient  quantity  of  these  first  matts  have  accumulated 
in  the  establishment,  they  are  roasted  in  heaps,  laid  on  a  stratam 
of  fuel,  and  by  this  means  large  quantities  of  sulphur  and  sulphu- 
rous acid  are  disengaged. 

This  first  roasting  occupies  from  three  to  four  weeks,  at  the  expi- 
ration of  which  time  the  heap  is  carefully  picked  over  and  the  pro- 
ducts divided  into  two  classes;  those  portions  which  have  been 
sufficiently  roasted  are  a^ain  taken  to  the  furnace  and  re-treated, 
whilst  those  fragments  which  still  retain  a  considerable  amount  of 
sulphur  are  subjected  to  a  second  process  of  roasting.  In  this  way 
four  successive  roastings  are  necessary  before  the  whole  of  the  matt 
is  obtained  in  a  fit  state  for  metallurgic  treatment. 

When  sufficiently  roasted,  the  matts  are  fused  in  a  small  blast 
furnace,  after  being  mixed  in  the  following  proportions  with  varioui 
other  bodies : — 

*  Ivegnanlt. 
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82  quintals  of  roasted  matt. 

80       „       of  rich  slags  obtained  from  the  direct  treatment  of 
the  ore. 
4  to  5       „       of  cupel  bottoms. 

2       „       of  abstrich  or  first  oxides  obtained  from  the  cupel. 
2       „       of  slags  from  the  reducing  furnace. 
1       „       of  granulated  cast  iron. 

The  furnace  in  which  this  mixture  is  now  introduced  is  about 
fiye  feet  in  height  and  considerably  contracted  in  the  vicinity  of 
the  crucible,  which,  as  in  the  case  of  the  larger  apparatus,  is  pro- 
vided with  a  sloping  fore-hearth  and  a  distinct  tapping-basin  for 
the  reception  oi  the  metallic  matters  produced. 

The  combustible  employed  is  coke,  and  the  blast,  which  is  sup- 
plied by  a  single  tuyere,  is  conducted  into  the  furnace  through  a 
slag  nozzle  of  about  three  inches  in  length.  During  the  process 
of  roasting,  the  larger  proportion  of  the  sulphuret  of  uron  passes  t<^ 
the  state  of  oxide,  and  during  the  subsequent  fusion  this  oxide, 
which  is  partially  reduced  by  the  carbon  of  the  fuel,  becomes 
protoxide,  and  unites  with  the  siliceous  matters  present  to  form 
a  vitreous  and  extremely  fusible  slag,  which  flows  through  the 
aperture  of  the  fore-heartn,  and  is  continually  removed.  The  sul- 
pnuret  of  lead  is  at  the  same  time  reduced  through  the  agency  of 
the  metallic  iron,  and  a  new  matt,  analogous  in  its  composition  to 
the  first,  is  obtained. 

These  matts,  when  sufficiently  solidified  by  cooling,  are  removed 
in  the  way  already  described,  after  which  the  lead  is  taken  out  in 
large  iron  ladles  and  cast  into  circular  pigs. 

The  treatment  of  thirty-two  quintals  of  roasted  matt,  with  its 
associated  fluxes  and  other  products,  affords  twelve  quintals  of 
metallic  lead  and  eight  quintals  oi  second  matt. 

The  second  matts  are  subjected  to  a  similar  treatment  to  that 
employed  for  the  reduction  of  those  obtained  by  the  direct  treat- 
ment of  the  ores.  They  are  first  made  to  undergo  three  or  four 
successive  roastings,  and  subsequently  treated  in  the  same  furnace 
and  with  the  same  additions  as  are  employed  in  the  case  of  the 
first  matts.  In  this  way  a  further  amount  of  metallic  lead  and  a 
third  matt  is  obtained ;  this  is  again  roasted,  fused  with  a  proper 
addition  of  fluxes  and  other  matters,  and  metallic  lead  and  a  fourth 
matt  is  the  result.  The  copper,  of  which  a  small  quantity  only  is 
contained  in  the  original  ore,  having  a  greater  afi&nity  for  sulphur 
than  is  possessed  by  lead,  continiudly  accumulates  in  the  matts, 
which,  after  the  fourth  rcMstine  and  msion,  become  extremely  rich 
in  that  metal.  The  sulphuret  la^t  obtained  is  known  by  the  name 
of  copper  matt^  and  is  subsequently  treated  for  that  metal. 

The  lead  obtained  by  these  different  processes  often  coiftaiQf  ^ 
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sufficient  amount  of  silver  to  render  its  extraction  a  matter  of  con- 
siderable commercial  importance,  and  it  is  then  subjected  to  direct 
cupellation  in  a  fiimace,  of  which  fig.  203  represents  a  back  view, 
and  fig.  204  a  horizontal  section.  This  apparatus  consists  of  a 
kind  of  reverberatory  oven,  having  a  circular  nearth,  a,  and  a  lateral 
fire-place,  b.  The  sole^  whieh  is  regularly  hollowed  from  the  sides 
towards  the  middle,  is  composed  of  fire-bricks  closely  set  on  edge 
upon  a  solid  stratum  of  firnuy  compressed  sconie,  and  again  covered 
with  a  thick  coating  of  marl  carefully  beaten  down  by  iron  ram- 
mers :  this  is  alwavs  relaid  previous  to  the  commencement  of  a  fresh 
operation.  This  layer  of  marl  corresponds  to  the  test  employed  by 
Knglish  refiners,  and  is  covered  by^  a  dome  of  sheet-iiron,  nvetted 
together,  and  capable  of  being  either  removed  or  lifted  into  its 
place  by  means  of  a  number  of  chains  attached  to  a  lever  supported 
by  the  moveable  crane,  c.  The  ulterior  of  the  dome  is  oove^d  with 
a  coating  of  fire-clay,  to  sustain  which,  and  prevent  its  peeling  off 
by  the  action  of  the  heat  to  which  it  is  subjected,  its  inner  sumce 
is  furnished  with  numerous  small  iron  hooks.  In  the  sides  of  this 
furnace  are  five  openings ;  by  the  largest  of  these,  d^  the  flame 
passes  from  the  fire-place  into  the  interior  of  the  hearth ;  the  two 
openings,  1 1\  serve  for  the  introduction  of  the  tuyeres,  by  which  a 
current  of  air  is  thrown  on  the  fused  metal,  both  for  the  purpose 
of  assisting  in  its  oxidation,  and  forcing,-  at  the  same  time,  the 
litharge  formed  on  its  surface  towards  the  aperture,  s,  from  which 
it  escapes  in  the  fused  state ;  finally,  the  opening,  f,  through  which 
is  inserted  the  lead  to  be  operated  on  in  the  form  of  circuW  discs. 
At  the  commencement  of  the  operation  the  opening,  s,  is  entirely 
closed  by  the  marl  of  the  cupel ;  but  in  proportion  as  the  operation 
advances,  the  gatewav  is  successively  cut  down  by  a  pointed  iron 
bar  to  the  level  of  the  litharge  contained  in  the  furnace.  The 
litharge  which  escapes  from  this  opening  flows  down  to  the  floor  of 
the  bmlding,  where  it  is  allowed  to  accumidate. 

Before  commencing  a  cupellation  it  is  necessarv  to  arrange  the 
cupel,  and  for  this  purpose,  after  having  removed  the  iron  dome, 
the  old  cupel  bottom,  strongly  impregnated  with  litharge,  is  broken 
up  and  carried  away  to  be  treated  for  the  lead  it  is  capable  of 
affording.  The  brick  bottom  is  now  moistened  with  water  and 
covered  Dy  a  thick  layer  of  marl^  well  consolidated  by  the  use  of  a 
heavv  iron  rammer ;  the  covering  is  aftierwards  replaced,  and  firmly 
luted  in  all  its  joints  with  a  little  stiff  fire-clay.  When  this  has 
been  done,  the  furnace  is  charged  with  160  Quintals  of  lead,  and 
the  fire  immediatdv  lighted.  The  lead  soon  begins  to  melt,  and 
immediately  that  the  whole  of  it  has  become  fus^  the  bellows  are 
Bet  slowlv  in  action,  and  rapid  oxidation  begins  to  take  pbice.  The 
metallic  bath  at  first  becomes  covered  by  a  bhickish  pulverulent 
substance  consisting  of  a  mixture  of  Oxide  of  lead  and  the  various^  l<^ 
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foreign  bodies  present.  These  matters,  from  the  low  tempentue 
at  which  the  operation  is  conduoted,  do  not  become  fused,  and  the 
workman,  after  throwing  on  the  surface  of  the  bath  a  few  shoTelfiib 
uf  charcoal  dust,  process  to  the  removal  of  the  abstriek,  by  mems 
of  a  block  of  wood  placed  transversely  at  the  extremity  of  a  long 
iron  rod,  and  by  whioh  he  gently  draws  it  through  the  litharge-hob 
and  out  of  the  furnace.  At  the  expiration  iS  a  short  period  a 
fUsible  litharge  begins  to  make  its  appearance ;  but  that  at  first 
produced  is  extremely  impure,  and  therefore  not  mixed  with  thit 
obtained  at  a  later  period  of  the  operation.  At  length  a  ptura 
oxide,  commercial  litharge,  begins  to  be  formed,  and  the  blast  is  it 
this  point  progressively  increased  for  the  purpose  of  augmenting 
the  rapidity  of  oxidation.  The  nozzles  of  the  tuyeres  suppljine 
air  to  the  cupel  are  frequently  covered  by  small  valves,  called 
butterfiies,  which,  from  their  weight,  serve  to  spread  the  blast  crrer 
the  whole  surface  of  the  metallic  bath.  The  operation  is  thus  ocnh 
tinned  until  the  whole  of  the  lead  has  been  removed  in  tbe  format 
litharge,  and  a  plate  of  nearly  pure  silver  remains  at  the  bottom  of 
the  cupeL 

Immediately  after  the  brightening  has  taken  place,  the  wwk- 
man  throws  water  over  the  surface  of  the  metallic  residue ;  for 
this  purpose  hot  water  is  at  first  employed,  but  when  the  phdie  of 
silver  be^s  to  be  solidified,  cold  water  is  used.  The  residual 
metal,  which  is  not  yet  absolutely  pure,  but  contains  about  l-16tii 
of  lead,  is  now  removed  from  the  furnace,  for  the  purpose  of  being 
refined  b^  a  process  which  will  be  described  when  treating  of  silver- 

The  time  necessary  to  make  a  cupellation  of  the  amount  d 
lead  above  stated,  including  the  preparation  of  the  fuel,  is  generally 
about  30  hours,  Wood  is  the  combustible  employed  for  bating 
this  furnace. 

At  Clausthal,  the  cupellation  of  160  quintals  of  lead,  obtained 
from  the  first  fiision  of  the  ore,  usually  yields  56  marks  of  silver, 
and  that  obtained  from  the  roasted  matts,  which  is  somewbit 
richer,  affords  on  an  average  62  marks  of  tlukt  metal,*  The  last 
portions  of  litharge  which  arp  obtained,  contain  a  notable  amount 
of  silver,  and  for  this  reason  are  not  mixed  with  that  produced 
during  the  former  stages  of  the  operation.  Th^  litharge  pn> 
duced,  with  the  exception  of  small  quantities,  whioh  are  sometimei 
sold  for  various  purposes,  is  again  reduced  to  th^  metallic  state. 
This  reduction  is  effected  in  a  small  blast^frimaoe,  with  Mi  exten<v 
basin  into  which  the  metallic  lead  is  tapped,  and  the  slags  pro 
duced  during  the  operation  are  added  to  raw  lead  ores,  with  woick 
they  are  afterwards  treated,  The  metallic  lead  obtamed  is  sub* 
sequently  cast  into  rectangular  ingots,  i^  which  form  it  beooip€9 
^n  article  gf  coimnerce, 
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Method  Of  IPontg^bAuit— The  treatment  of  lead  ores  at  Font*- 
gibaud,  in  the  vicinity  of  Clermont  (Puy  de  D6rae),  is  peculiar 
to  this  establishment,  and  has  been  adopted  in  consequence  of  the 
exceptional  composition  of  the  ores  operated  on,  and  the  high 
price  of  fiiel  in  the  district*  The  mineral,  when  brought  to^e 
surfistce,  is  generally  poor  for  lead,  but  contains  a  considerable 
amount  of  silver,  and  is  consequently  subjected  to  a  careful 
mechanical  preparation.  This  concentration  of  the  ore  cannot, 
however,  be  carried  beyond  a  certain  limit,  as  the  lighter  substances 
thrown  away  as  sterile  are  invariably  found  to  contain  a  consider^ 
able  quanti^  of  silver,  and  the  washing  is  therefore  only  carried 
80  far  as  to  allow  of  the  ores  being  successfully  subjected  to 
metallurgic  treatment. 

The  largest  pro]^ortion  of  the  ore  reaches  the  foundry  in  the 
form  of  &iely  divided  sand  or  schlich,  which,  from  the  large 
amount  of  siliceous  matters  which  it  contains,  does  not  admit  of 
being  smelted  in  the  ordinary  reverberatory  furnace,  and  which,  on 
the  other  hand,  is,  from  its  nne  state  of  division,  unfit  for  imme- 
diate treatment  in  the  low  blast  furnace  gf  the  Hartz. 

Before  being  treated  for  metallic  lead,  the  ores  are  roasted  in  a 
reverberatory  mmace,  having  an  extremely  long  hearth,  and  of 
which  two  are  arranged  one  above  the  other.  On  the  first  of 
these  the  mineral  is  roasted,  whilst  on  that  placed  nearest  the  fire- 
bridge they  are  agglomerated  into  masses,  suitable  for  subsequent 
treatment  in  the  ordioaiy  low  continental  furnace.  This  second 
fusion  for  metallic  lead  is  conducted  as  in  the  Hartz,  with  the 
addition  of  metallic  iron,  and  various  other  fluxes.  The  following 
mixture  is  that  with  which  the  furnace  is  ordinarily  charged : — 

Boasted  ore 1,000  kils.^ 

Fluoride  of  calcium 100  „ 

Carbonate  of  lime 240  „ 

Old  iron  (in  small  fra^ents) 100  „ 

Cupel  bottoms,  abstnch  sweepings  from  fur- 
naces, &e ^  9» 

Bich  slags  from  furnace  operations    .     .     .  500  to  600  „ 

This  is  thrown  into  the  furnace  alternately  with  suitable 
quantities  of  hard  coke.  When  in  a  good  working  state,  each 
nimace  is  capable  of  running  down  thr^  times  the  above  amount 
in  the  course  of  24  hours,  and  when  the  preliminary  roasting 
has  been  carefully  performed,  no  matt  is  obtained,  but  merely 
metallic  lead,  togetner  with  a  fiisible  and  extremely  liquid  slag. 
The  cupellation  of  the  rich  lead  is  performed  in  the  ordinary 
German  refinery,  the  bottom  of  which  is  9  feet  in  diameter,  and 
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covered  by  »  bottom  composed  of  1,400  kila.  <^  calcareous  mill, 
280  kils.  of  jBlaked  lime,  and  the  same  quaniitj  of  well  mixed  daj. 
As  in  the  yarious  German  estabUshments^  the  plate  of  siha 
obtained  is  afterwards  subjected  to  a  second  treatment,  by  wbi(^ 
the  last  traces  of  combined  lead  are  removed. 

IiEAD  MABTUFAOTITBE. 

This  metal  is  chieflj  employed  in  the  arts,  eith^  in  tiw 
form  of  sheets  for  covering  houses,  making  gutters,  &0,  or  Car 
the  manufacture  of  pipes  for  the  conveyance  of  water  and  other 
liquids.  In  order  to  make  lead  into  sheets,  it  is  first  moulded 
in  a  cast  iron  frame  into  the  form  of  a  plate,  from  six  to  serei 
feet  square,  and  six  inches  in  thickness.  When  this  has  suffi- 
ciently cooled,  it  is  lifted  frx)m  it«  piould  by  a  powerful  erase, 
and  placed  on  the  machine  by  whi^ch  it  is  to  be  roUed  out  into 
sheets.    This  consists  of  a  long  frfune  or  bench,  fig.  206,  three 


feet  in  height,  eight  feet  in  width,  and  fix)m  seventy  to  eighty  ftd 
in  length.  At  intervals  of  every  foot  are  placed  the  roUers  a,  a, 
Ac.  all  on  exactly  the  same  level,  and-  so  arranged  that  a  heavr 
body  may  be  pushed  from  one  end  of  the  frame  to  the  other  witi 
the  greatest  facility.  In  the  centre  of  this  stage  is  the  rollii^ 
machine,  consisting  of  two  heavy  rollers,  of  which  only  the  upper 
one.  A,  is  seen  in  the  woodcut,  and  which,  by  powerfiil  machinerr, 
are  made  to  revolve  in  contrary  directions :  each  of  these  cylinders 
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is  sixteen  ineheB  in  diameter,  and  is  turned  perfectly  smooth  and 
level  on  the  sur&ce.  B7  means  of  the  screws  6,  and  the  connected 
pinion  wheels,  the  distance  between  these  may  be  regulated  with 
the  greatest  accuracy  on  turning  the  disc  c,  which  for  this  purpose 
is  furnished  with  a  graduated  plate  and  pointer. 

The  motion  of  the  rollers  also  admits  of  being  readily  reversed 
by  a  very  simple  mechanical  arrangement.  The  plate  of  lead  thus 
prepared  is  afterwards  brought  between  the  rollers,  by  which  it  is 
strongly  compressed,  and  mdually  drawn  through  to  the  other 
side,  when  the  distance  between  them  is  dimmished,  and  by 
reversing  the  motion  of  the  mill,  the  sheet  is  again  drawn  back  to 
the  part  of  the  platform  on  which  the  (»riginal  plate  was  first  laid. 
This  process  is  repeated  a  great  number  of  times,  the  plate  b,  first 
passing  from  the  left  to  tne  right,  and  then  from  right  to  left, 
until  its  thickness  has  been  very  considerably  reduced.  The 
motion  of  the  leaden  plate  is  much  fiM^ilitated  by  the  small 
wooden  rollers,  a  a,  and  when  the  length  obtained  by  the  reduction 
of  its  thickness  becomes  inconveniently  great,  it  is  divided  into 
twoparts,  and  each  half  milled  in  a  similar  manner. 

The  lead  is  in  this  way  sometimes  passed  between  the  rollers 
from  two  to  three  hundred  times;  its  tnickness  being  diminished, 
and  its  length  increased,  by  each  successive  operation.  The 
original  plate  is  by  this  treatment  generally  extended  into  a  sheet, 
which,  \viien  intended  for  roofinjz  purposes,  is  abcait  400  feet  in 
len^h,  and  7  feet  in  bseadth.  !I%is  is  afterwards  cut  un  into  eon- 
vement  len|;th8,  and  rolled  up  for  the  use  of  the  plumber,  whose 
business  it  is  to  adapt  it  to  the  various  purposes  to  whidi  sheet 
lead  is  applied. 

The  manu&cture  of  lead  pipe  by  the  ordinary  method,  com- 
bines, like  that  of  sheet  lead,  the  douUe  process  of  casting  and 
elongation.  Whatever  may  be  the  dimensions  of  the  pipe  leauired, 
it  is  first  cast  in  the  form  of  a  short  and  extremely  tnick  cylinder, 
which  is  forwards  reduced  to  the  proper  size  by  being  forcibly 
drawn,  when  placed  in  a  mandril  of  the  exact  size  of  its  proposed 
internal  diameter,  through  a  succession  of  proeressxvel;^  decreasing 
steel  dies.  By  this  process,  however,  although  affording  pipes  of 
very  good  quiuity  with  regard  to  soundness  and  finish,  bngths  of 
from  20  to  dO  feet  only  can  be  obtained,  and,  consequently,  when 
very  long  pieces  without  a  joint  are  required,  recourse  must  be 
baa  to  uie  hydraulic  pipe-press,  fig.  206.  This  machine  consists 
of  a  common  nydraulic  press,  t,  connected  with  a  double  force 
pump.  A,  by  which  water  is  pumped  beneath  the  piston  b^  through 
the  small  metallic  pipe,  0;  above  the  top  of  the  press,  and  on  a 
level  with  the  floor  of  the  workshop,  is  supported  by  the  stout 
iron  pillars,  p,  a  heavy  casting,  containing  the  cylindrical  reservoir. 
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c,  for  the  reception  of  the  metallic  lead,  and  an  annular  fire-plaee^ 
r,  charged  with  pit  coal, 

and  comiiiumeatiiig  with 
a  chinmey  for  tbe  eucapo 
of  the  smake.  At  the 
irpper  cj:treuiity  of  the 
cavity  c,  is  secured  a  steel 
die,  of  the  diameter  of 
the  outside  of  tbo  pipe  to 
be  made,  whilst  a  mandril, 
m,  which  passes  directly 
through  its  centre,  has  the 
same  dimensioiiB  as  the 
inside  of  the  pipe  wliich  is 
to  be  produced. 

To  use  this  apparatus, 
tho  piston  B,  is  brought 
into  the  position  shown 
in  the  woodcut,  and  tho 
space  c,  filled  with  molten 
lead,  through  the  spout  s, 
which  ia  immediately  re- 
moved, aud  the  aperture 
firmly  stopped  by  a  stout 
iron  plugj  kept  in  its  place 


206. 
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by  a  strong  key.  The  pressure  is  now  established  bj  admitting 
the  water  through  the  YaLve  v,  beneath  the  piston,  which  forces 
the  other  extremity  b',  accurately  fitting  the  cylindrical  cavity  o, 
gradually  upwards,  and  causes  the  lead  to  escape  in  the  form  of  a 
perfectly  fimshed  tube  through  the  a.Tmular  space  existing  between 
the  mandril  and  the  fixed  collar.  The  pipe,  in  proportion  as  it 
escapes  from  the  press,  is  coiled  around  the  drum,  n,  from  which 
it  is  afterwards  removed,  and  cut  into  convenient  len^hs.  The 
pipe  made  by  this  machine  is  of  good  quality,  and  may  be  made  of 
almost  any  required  length. 

On  admitting  the  pressure  above  the  piston  by  means  of  the 
valve,  xt^  the  plunger  again  descends  to  the  bottom  of  the  cavity. 

Several  alloys  of  lead  with  other  metals  are  employed  in  the 
arts,  but  by  far  the  most  important  of  these  are  t^e  metal,  and 
the  various  mixtures  of  lead  and  tin  known  bv  the  name  of  solder. 
Plumber  solder  is  a  compound  of  two  parts  of  lead  and  one  of  tin ; 
the  solder  used  in  the  manufacture  of  articles  in  tin-plate  is  an 
alloy  of  these  metals  united  in  equal  proportions.  The  composition 
of  type  metal  has  been  described  when  treating  of  antimony. 
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SILVEBu 

Equk.  S3: 108-    Density  =  10-47, 

SiXYSE  is  the  whitest  of  all  the  metals,  and  is  capable  of  reeeiTiBg 
a  luske  inferior  only  to  that  of  polished  steeL  Its  malleabilitr 
and  ductility  are,  next  to  gold,  greater  than  that  of  Any  other  metal 
When  pure,  it  is  so  soft  as  to  be  readily  cut  with  a  knife,  and  in 
that  state  enters  into  fusion  at  a  full  red  heat,  conrespondingi 
according  to  Daniell,  to  1873<»  of  Fahr.  scale.  When  nised  k 
open  vessels,  it  absorbs  oxygen  in  considerable  quantities,  some- 
tunes  amounting  to  22  times  the  volume  of  the  metal  itself.  On 
becoming  solid,  however,  the  whole  of  this  gas  is  again  expelled; 
and  to  this  circumstance  is  probably,  in  some  degree,  owing  the 
metallic  vegetation  whidi  takes  place  on  the  surface  of  alver 
buttons,  when  suddenly  eooled  on  the  cupel.  When  silver  is  heated 
to  redness  in  contact  with  porcelain  or  glass,  the  absorbed  oxygen 
combines  with  the  metal  to  form  an  oxide,  which,  uniting  with  the 
silicic  acid  of  the  substance  with  which  it  is  in  contact,  gives  rise 
to  the  formation  of  a  yellow  enomd.  When  heated  very  stron^j 
in  a  blast  furnace,  this  metal  gives  off  sensible  metallic  vapours,  mi 
if  exposed  to  the  high  temperature  between  two  ^charcoal  electrodes 
in  connection  with  a  poweiful  voltaic  battery,  is  readily  volatilizei 
By  &sing  a  large  quantity  of  silver,  and  afterwards  allowing  it  to 
cool  very  gradually,  cubic  and  octahedral  crystals  maj^,  on  piereiBg 
the  solidified  crust  and  running  off  the  still  liquid  metal,  be 
obtained.  When  solutions  of  silver  are  decompos^  by  the  action 
of  feeble  electric  currents,  the  precipitated  metal  is  frequentlT 
found  to  assume  a  crystalline  form.  This  metal  does  not  absorb 
oxygen  at  ordina^  temperatures,  but  speedily  becomes  blackened 
on  exposure  to  an  atmosphere  containing  the  most  minute  tmoei 
of  sulphuretted  hydrogen  gas,  which  is  decomposed  by  it  with  the 
greatest  facility. 

Heated  to  redness  in  contact  with  the  caustic  alkalies,  it  doei 
not  become  in  the  least  affected,  and  is  for  this  reason  frequent^ 
employed  for  making  crudbles  to  be  used  when  attaddng  varioui 
substuices  by  caustic  potash.  In  the  presence,  however,  of  fused 
alkaline  silicatesi silver  vessels  toaeert»n  e:d^nt  beoome  act^  on, 
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and  the  silicate  is  stained  of  a  yellow  colour.     Oxide  of  silver  is 
reduced  bj  heat  alone,  and  a  globule  of  metal  is  thus  obtained. 

Unless  in  a  state  of  extrem^  division,  julver  is  iiot  attacked  bj 
hydrochloric  add,  and  even  then  requii»s  to  be  heated  to  the  tem- 
perature of  ebullition,  before  the  decomposition  of  the  acid  is 
effected.  Bv  dilute  sulphuric  acid  no  effect  i»  produced,  but  when 
strong  sulphuric  a«id  is  employed,  it  is^  when  aided  by  heat, 
readily  decomposed,  with  the  formation  of  sulphate  of  silver  and 
the  evolution  of  sulphurous  acid  gas^  Nitric  acid  readily  attacks 
silver  even  at  ordinarv  temperatures;  binoxide  of  nitrogen  is 
evolved,  and  nitrate  of  silver,  lunar  caustic,  is  produced.  By 
chlorine,  iodine^  and  bromine,  silver  is«  even  in  ih&  eojd,  readily 
attackedf 

OSES  OF  SILTXB, 

Silver  occurs^  in  the  native  state,  alloyed  with  various  other 
metals,  also  mineralised  by  the  non-metallic  elements ;  such  as, 
sulphur,  selenium,  arsenic,  chlorine,  bromine,  iodine,  and  lastly,  in 
combination  with  certain  acids. 

Besides  being  obtained  in  lar^e  quantities  from  lead  ores,  the 
silver  of  commerce  is  chiefly  derived  from  Vitreous  silvery  Brittle 
or  Black  silver  ore.  Bed  silver,  Horn  silver.  Malleable  silver,  and 
a  natural  amalgam  of  Silver  and  Mercury  found  extensively  in  some 
silver  mines^ 

Hatlve  silver  (  Argent  natif;  Oediegen  Silher,  is  found  accom- 
panying the  other  ores  of  this  metal,  and  more  particularly 
the  sulphuret  and  chloride,  and  is  frequently  associated  with  red 
silver  ores.  It  occurs  either  in  a  crystalline  form,  or  in  the  state 
of  divergent  branches,  of  which  the  extremities  are  composed  of 
numerous  minute  crystals,  similar  to  those  observed  in  specimens 
of  native  copper. 

This  metal  likewise  occurs  in  unorphous  masses  in  long  fila- 
mentajry  strings,  and  in  the  shape  of  compressed  plates  of  greater 
or  less  extent.  One  of  the  largest  masses  of  metallic  silver  ever 
obtained  in  Europe,  was  procured  from  the  mines  of  Konigsberg, 
in  Norway ;  this  specimen,  which  is  preserved  at  the  museum  of 
Copenhagen,  weighs  about  five  hunored  pounds ;  others  of  still 
larger  size  have  been  cited  as  coming  from  the  same  locality. 
The  crystals  of  native  silver  are  seldom  very  perfectly  defined,  as 
they  never  occur  in  an  isolated  state,  but  in  most  instances 
impenetrate  each  other.  The  cube,  the  octahedron,  and  cubo- 
dodecahedron,  are  among  the  forms  which  it  most  frequently 
assumes.  Native  silver  is  usually  found  disseminated  in  ferru^ous 
rocks,  as  at  Huelgoat  in  Britiany,  and  in  the  mines  of  Chili  and 
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Mexico,  where  these  Ai|;entiferous  iron  ores  receiye  the  names  of 
jpocM  and  colarado9%  Native  silver  is  also  found  in  the  Hartiy 
Saxony,  Hungary  and  Dauphinj:  large  quantities  are  likewise 
afforded  by  the  mines  of  Peru  and  Mexico,  and  in  the  United 
States  of  America  some  beautiful  specimens  of  native  silver  have 
been  found  associated  with  the  malleable  copper,  procured  from 
the  district  about  Lake  Superior.  ^ 

IVAtlve  Amigam;  Argent  amalgamd ;  NaturUch  Amalgam.— 
This  mineral,  which  is  of  a  silver-white  colour,  and  bright  metaUie 
lustre,  occurs  both  in  distinct  crystals  and  in  irregular  ajnorphous 
masses ;  it  also  not  unfrequently  assumes  the  form  of  thin  com- 
pressed plates,  occupying  the  fissures  existing  between  the  strata. 

Its  specific  gravity  is  14' 1,  and  when  heated  before  the  blow- 
pipe, the  mercury  is  expelled,  and  a  fused  button  of  metallic  silver 
remains.  The  composition  of  this  mercurial  amalgam  is,  according 
to  Klaproth — 

Silver 86* 

Mercury  .....    64* 

100* 

This  composition  would  appear  to  correspond  with  the  formuk, 
AgHga,  although  some  other  analyses  indicated  the  presence  of  a 
larger  per^centage  of  mercury.  This  mineral  is  found  in  a  great 
many  mfierent  localities,  but  the  finest  specimens  have  been  pro- 
cured from  Moschellandsberg  in  Bavaria. 

Another  species  of  this  substance  forms  one  of  the  principal 
sources  of  silver  in  the  rich  mines  of  Arqueros,  in  the  province  of 
Coquimbo,  Chili.  Prom  its  malleability  and  general  appeaninoe, 
this  compound  was  for  a  long  time  thought  to  be  metufic  silver. 
According  to  the  analysis  of  Professor  Domeyko,  of  the  miTiing 
school  of  Coquimbo,  this  amalgam  consists  of 

Silver 86-60 

Mercury    ....    13*60 

100-00 

from  which  it  appears  to  be  composed  of  six  atoms  of  silver  united 
to  one  equivalent  of  mercury,  and  its  composition  may  therefore 
be  represented  by  the  formula  AgsHg. 

Tltreoiis  Snlphnret  of  BUver ;  Argent  eulfurS;  SUberglanz. — 
This  mineral  occurs  massive,  and  crystallised  in  cubes  and  dodeca- 
hedrons. Its  colour  is  a  shining  lead  ff^j9  ttnd  its  streak,  which 
is  of  the  same  colour,  is  likewise  shimng.  The  fracture  of 
the  massive  varieties  is  slightly  conchoidal,  sometimes  approach- 
ing to  vitreous.    It  is  fusible  even  in  the  flame  of  an  ordinaiy 
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candle,  and  before  the  blowpipe  gives  off  sulphurous  vapours, 
and  yields  a  button  of  metallic  silver.  This  mineral  is  at  the  same 
time  one  of  the  richest  and  most  abundant  ores  of  silver,  and 
furnishes  a  large  proportion  of  that  annually  produced  by  the 
various  foreign  mines. 

It  occurs  in  those  of  Saxony,  Bohemia,  and  Hungaiy,  and  is 
particularly  abundant  in  the  mines  of  GFuanaxxiato  and  Zacatecas 
in  Mexico.     Sulphuret  of  silver  is  frequently  associated  with  the 
Bulphurets  of  copper,  iron,  and  antimony. 
Its  composition  is,  according  to  Klaproth — 

From  Himmelftint.       From  JoachimBthal. 
Silver      ....     86*6     ....     86-39 
Sulphur  ....    13-5    ....    13-61 

100-0    ....  10000 

Brittle  Silver  •re ;  Argent  sulfur^  fragile ;  Schwarzgiltigerz. 
- — ^This  mineral  is  of  an  iron-grey  colour  inclining  to  black,  with  a 
metallic  lustre  and  unequal  conchoidal  fracture.  It  has  a  specific 
gravity  of  6*2,  is  extremely  fragile,  and  when  broken  yields  a  black 
powder. 

Before  the  blowpipe  it  affords  a  button  of  metallic  silver,  after 
having  given  off  sulphurous  and  antimonial  fumes,  in  which  the 
peculiar  odour  of  arsenic  may  also  frequently  be  detected.  When 
crystallised,  it  is  found  in  small  six-sided  prisms,  of  which  the 
derivation  has  not  with  certainty  been  ascertained. 

This  mineral,  which  occurs  with  other  ores  of  silver  at  Freyberg, 
Schneeberc,  and  Johanngeorgenstadt  in  Saxony,  as  well  as  in  the 
mines  of  Bohemia  and  Himgary,  and  in  those  of  Chili,  Peru,  and 
Mexico,  has,  according  to  the  investigations  of  H.  Bose  and  Klap- 
roth, the  following  composition  :— 

From  Freyberg.  From  Sohemnitz. 

By  iOaproth.  By  H.  Bose. 

Silver    ....    6650    ....    6854 


Copper  and  Arsenic  0-50 
Iron  ....  300 
Antimony  ,  .  1000 
Sulphur     .    .    .    1200 


0-64 

14*68 
16-42 


9400  ....  100-28 
p^iy^Mlte  is  another  variety  of  silver  ore,  obtained  from  the 
Peruvian  and  Mexican  mines.  It  usuallv  occurs  in  tabular  hexa- 
ffonal  prisms,  and  differs  so  little  in  its  chemio&l  composition  from 
brittle  sulphuret  of  silver,  as  to  be  regarded  by  many  mineralogists 
as  merely  another  form  of  that  mineral. 

AntUn^nlal  SUvcr   is  a  natural  alloy  of  these  two^ 
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in  the  proportion  of  16  of  the  former  to  84  of  the  latter :  it  hu  a 
specific  gravity  of  about  9*6,  and  fuses  before  the  blowpipe  into  i 
metallic  globiUe,  &om  which  antimonial  fumes  are  driven  off. 

Eucalrlte  i»  an  argentiferous  ore  containing  copper  and 
selenium.  This  substance^  which  is  chiefly  obtained  from  Sweden, 
occurs  in  black  metallic  fibres,  which,  when  heated  before  the 
blowpipe,  afford  the  characteristic  odour  of  decaying  horse-radifh. 
A  mineral  containing  silver  and  selenium,  together  with  a  Uttle 
lead,  is  likewise  found  in  the  Hartz. 

GUoride  of  SUver;  Argent  come  ;  Hornsilber. — ^Thia  mineral, 
which  was  formerly  supposed  to  be  of  rare  occurrence,  consti- 
tutes one  of  the  richest  and  most  abundant  ores  of  Chili,  where 
it  is  frequently  associated  with  native  silver,  apparently  lesollr 
ing  from  its  decomposition.  It  also  occurs  in  massive  amo^ 
phous  fragments  in  connection  with  sulphuret  of  silver  but  still 
more  frequently  in  small  cubical  crystals  disseminated  in  the 
ferruginous  rock  known  in  Chili  and  Peru  under  the  names  of  paeoi 
and  collorados.  The  chloride  of  silver  of  Huelgoat  is  abo  of  thi« 
description,  and  is  disseminated  in  a  cavernous  hydrated  oxide  of 
iron,  around  the  cavities  of  which  it  assumes  the  form  of  small 
cubo-octahedral  crystals,  the  largest  of  which  do  not  exceed  in  sia 
the  head  of  an  ordinary  pin. 

The  colour  of  this  mineral  is  white  or  yellowish-white,  which 
becomes  violet  by  exposure  to  the  air :  the  massive  fragments, 
when  broken,  present  a  vitreous  conchoidal  fracture,  the  edges  of 
which  are  transparent,  or  at  least  translucid.  Chloride  of  silver 
is  extremely  soft,  and  admits  of  being  cut  with  a  knife  or 
scratched  by  the  nail  with  the  greatest  facility.  It  is  frisible 
before  the  flame  of  the  blowpipe,  and,  when  supported  on  a  piece 
of  charcoal,  affords  a  white,  pearl-like  button,  which  by  continued 
exposure  to  the  reducing  flame,  finally  yields  a  globule  of  metallic 
silver.  On  being  moistened  with  water,  and  afberwards  rubbed 
with  a  piece  of  iron  or  zinc,  its  surface  becomes  covered  with  a  film 
of  reduced  silver.  Chloride  of  silver,  when  pure,  consists  of  silver 
75-3,  chlorine  2^'*7 ;  and  its  composition  is  therefore  represented 
by  the  formula  AgCl. 

Specimens  of  this  mineral,  although  of  comparatively  rare  occui^ 
rence  in  the  European  mines,  have  been  obtained  from  NorwaVt 
Siberia,  Saxony,  the  Hartz,  and  Cornwall. 

Iodide  mi  SUver  is  a  rare  mineral  of  a  pale  lemon  colour,  with 
sometimes  a  tint  of  green.  The  colour  of  this  natural  iodide 
is  not  afSscted  even  by  continued  exposure  to  the  dircK^  action  of 
the  sun's  rays,  although  that  artificially  produced  in  our  labon- 
tories  is  extremely  sensitive  even  to  d  ffused  daylight.  This 
mineral  frequently  assumes  the  form  of  nudUiO  modiiSiei  cik>ed.  It 
is  composed  of  silver  77*4,  iodine  22*8. 
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Ide  fff  ftliTer  crjBtallises  in  minute  cubo-octahedrons, 
which,  except  in  their  colour,  which  is  green,  very  closely  resemble 
ehloride  of  silver.  Berthier,  who  first  examined  this  mineral,  dis- 
covered it  in  the  hydrated  oxide  of  iron  from  Huelgoat,  but  it 
has  since  been  so  abundantly  found  in  the  district  of  Flataros,  near 
Zacatecas,  in  Mexico,  that  the  ores  there  raised  have  received  the 
name  of  plata  verde,  from  the  colour  imparted  to  them  by  this 
substance.  Acccurding  to  the  analysis  of  Berthier,  it  is  composed 
of  silver  5770,  bromine  12-50. 


ISTIMATIOIfF  OF  8ILV1:B,  AJTiy  ITS  SEPABATIOK  FBOM  OTHEB  METALS. 

This  metal  is  either  weighed  in  the  metallic  state,  as  obtained  by 
eupellation,  or  is  precipitated  from  its  solutions  in  the  form  of 
ehloride,  from  the  quantity  of  which  the  amount  of  silver  origi- 
nally present  is  readily  deduced  by  calculation.* 

l^e  precipitation  of  the  chloride  is  usually  effected  by  the 
addition  of  a  small  excess  of  hydrochloric  acid  to  the  solution  in 
which  the  silver  is  contained,  and  which,  in  order  that  a  dense  pre- 
cipitate may  be  obtained,  should  be  heated  nearly  to  the  boiling 
point  previous  to  the  addition  of  the  precipitant :  the  addition  of  a 
few  drops  of  nitric  acid  to  the  solution  is  also  frequently  found  of 
service  in  obtaining  a  precipitate,  which  becomes  readily  deposited 
at  the  bottom  of  the  beaker  in  which  the  operation  has  been  con- 
ducted. When  the  whole  of  the  chloride  has  been  collected  at 
the  bottom  of  the  vessel,  the  supernatant  liquor  is  carefully  drawn 
off  into  another  beaker  by  means  of  a  glass  syphon,  care  beins 
taken  not  to  draw  over  at  the  same  time  any  portion  of  the  solid 
precipitate. 

The  chloride  is  now  transferred  from  the  beaker  to  a  thin  porce- 
lain capsule,  of  which  the  weight  has  been  accurately  taken  and 
noted,  and  after  being  placed,  for  the  purpose  of  guarding  against 
loss,  in  a  large  porcelain  dish,  it  is  ac^ain  washed  with  water 
slightly  acidulated  with  nitric  acid.  When  the  washing  has  been 
completed,  the  supernatant  water  is  drawn  off  bv  a  pipette,  and 
the  crucible  with  its  contents  is  removed  from  the  porcelain  dish 
in  wbich  it  has  been  standing  during  the  process,  to  a  water-bath, 
in  which  the  chloride  is  caremlly  dned.  The  water  drawn  off  into 
the  second  beaker  at  the  commencement  of  the  operation  is  also 
examined  in  order  to  ascertain  if  any  deposit  has  taken  place,  and 
which,  should  vaj  occur,  must,  after  washing,  be  added  to  that 
already  contained  in  the  crucible. 

•  Kwerj  100  ptrti  of  tho  ohloride  ooivupond  to  75'2Tptit8  of  metallio  saver. 
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When  the  chloride  has  become  sufficiently  dry,  it  is  remorod 
from  the  water-bath  and  heated  over  the  flame  of  a  gas-bumer 
or  spirit  lamp,  until  it  has  become  fused,  when  the  crucible  and  iti 
contents  are  again  weighed ;  and  the  difference  between  the  fint 
and  second  weighings  will  evidently  correspond  to  75*27  per 
cent,  of  metallic  silver.  The  chloride  of  silver,  when  fiised,  b 
found  to  attach  itself  so  firmly  to  the  sides  of  the  crucible  as  to 
be  extremely  difficult  of  removal  hj  ordinary  means :  it  may,  how- 
ever, be  readily  detached  by  boilmg  it  with  small  fragments  of 
metallic  zinc  in  a  little  hydrochloric  acid :  by  this  treatment  tiie 
chloride  is  reduced  to  the  metallic  state,  and  is  then  easily  removed 
by  washing. 

The  solubility  of  silver  in  nitric  acid,  and  the  complete  msohi- 
bility  of  its  chloride  in  acid  solutions,  render  the  separation  of  this 
body  from  the  other  metals  in  most  instances  an  easy  open- 
tion.  When,  however,  it  is  present  in  a  solution  together  wiA 
salts  of  lead  and  mercury,  the  direct  addition  of  an  excess  of 
hydrochloric  acid  cannot  be  employed,  as  in  this  case  the  preci- 
pitate obtained  would  be  contaminated  by  the  chlorides  oi  lesd 
and  mercury,  by  which  the  result  would  be  seriously  vitiatei 
When  mercury  alone  is  associated  with  the  silver,  tnis  idoob- 
venience  may  be  obviated  by  treating  the  precipitate  with  boilinf 
nitric  acid,  to  which  a  few  drops  of  hydrochloric  acid  have  been 
added :  by  this  means  the  mercury  is  dissolved  in  the  state  of 
corrosive  sublimate,  whilst  the  chloride  of  silver  remains,  on  tie 
contraiy,  unacted  on.  When  lead  is  present,  the  chloride  of  tint 
metal  may  be  removed  by  continued  washings  in  water  contain- 
ing a  small  quantity  of  hydrochloric  acid.  The  water  used  for  ^ 
purpose  should  be  hot,  but  when  the  proportion  of  lead  in  oom- 
panson  to  that  of  silver  is  not  extremely  small,  recourse  must  be 
had  to  cupellation.  The  separation  of  silver  fipom  mercury  may 
also  be  efi^cted  with  sufficient  accuracy  for  metallurgic  purposes 
by  precipitating  the  two  metals  together  by  sulphuretted  hydrogen, 
and  afterwards  roasting  the  sulphurets  in  a  small  porcelain  cru- 
cible, by  which  the  mercury  will  be  almost  completely  expeDed^ 
whilst  the  silver  remains  in  the  metallic  state. 


ASSAY  OF  THE  ALLOTS  AJm  OB£S  OF  SILYEB, 

Assay  Af  AUoys. — ^The  assay  of  the  alloys  of  silver  by  cnpellfl^ 
tion  is  conducted  as  described  when  treating  of  the  assay  of 
ar^ntiferous  galen{^  except  that,  as  many  of  the  compounds  oon- 
taming  silver  contain  other  metals  besides  lead,  and  particnlsrir 
copper,  it  becomes  necessary  to  add  on  the  cupel  a  sufficieitf 
amount  of  pure  lead  to  enable  the  other  oxides  ^rodu^  to  ai 
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into  the  bone-ash  of  the  cupel,  and  thus  allow  the  mixture  to 
constantly  present  a  fresh  surface  for  further  oxidation.  Erom  the 
circumstance  that  the  silver  money  of  all  European  nations  is 
alloyed  with  copper,  the  mixtures  or  these  metals  are  those  which 
most  frequently  occupy  the  attention  of  the  assay er,  and  the  cupel- 
lation  of  such  alloys  has  consequently  been  more  particularly 
studied.  The  following  directions,  therefore,  although  especially 
referring  to  the  alloys  of  silver  and  copper,  are  also  to  a  great  extent 
applicable  when  other  metals  are  present  iu  the  mixture. 

The  amount  of  lead  necessary  to  be  added  to  an  alloy  of  silver 
and  copper  varies  in  accordance  with  the  composition  of  the  mix- 
ture to  oe  treated,  and  should  be  greater  in  prc^rtion  as  the 
quantity  of  copper  becomes  more  considerable.  Li  making  this 
addition  it  is  necessary  to  bear  in  mind  that  the  lead  must  be  pre- 
sent in  such  quantity  that  the  litharge  formed  may  be  enabled 
to  dissolve  the  other  oxides  produced,  and  at  the  same  time  remain 
sufBiciently  liquid  to  be  readily  absorbed  by  the  pores  of  the  cupeL 
If  this  necessary  amount  be  not  added,  the  litharge  formed  becomes 
pasty,  and  speedily  covers  the  surface  of  the  cupel,  which  is  then 
said  to  be  drowned;  whilst  if  too  large  a  quantily  be  employed,  the 
assay  remains  a  long  time  in  the  fire,  and  a  considerable  loss  of 
silver  by  evaporation  is  experienced. 

The  affiniiy  exercised  by  the  silver  for  copper,  renders  it  neces- 
sary in  these  operations  to  add  a  larger  amount  of  lead  than 
would  be  required  if  pure  copper  alone  were  to  be  absorbed. 

The  following  table  shows,  according  to  experiments  of  D' Arcet, 
the  amount  of  lead  necessary  to  effect  the  proper  cupellation  of 
various  alloys  of  silver  and  copper.* 

Quantity  of      Q«»^«*vof  I^ 
-^"       ^  m  relation  to 


Standard  of 

Amount  of 

SUTer 

Copper  alloyed. 

1000 

0 

950 

60 

900 

100 

800 

200 

700 

300 

600 

400 

500 

500 

400 

600 

800 

700 

200 

800 

100 

900 

Furecoppei 

•      1000 

Lead  necessary. 


that  of  Copper. 


3  eotoi 

7  70tol 

10  50  to  1 

12  40tol 

14  35  to  1 

16  to  17  32  to  1 

16  to  17  27  to  1 

16  to  17  28  to  1 

16  to  17  20  to  1 

16  to  17  18  to  1 

16  to  17  16  to  1 

•  Berthier,  Vol.  II.  p.  851. 

t  Etcd  with  pare  silTer  it  is  fonnd  necessary  to  add  a  little  lead  on  theoopel, 
M  the  hutton  would  not  otherwise  assume  the  roanded  form  wfaieh  is  minnd. 
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It  will  be  remarked,  that  below  the  standard  of  500,  or  one-lnlf 
gilrer,  the  proportion  of  lead  to  be  employed  constantlj  remaina 
the  same,  whatever  maj  be  the  constitution  of  the  alloy :.  this  &ct 
is  fully  borne  out  by  experiment. 

As  a  general  rule,  it  is  found  that  a  cupel  is  capable  of  absorb- 
ing it&  own  weight  of  litharge,  and  consequently,  whea  the  coin- 
position  of  an  aUoy  is  nearly  known,  it  becomes  easy  to  choose  a 
eilpcfl  of  the  right  size  for  conducting  the  (^ration.  It  is  like> 
wise  of  importance  that  the  lead  employed  for  the  assay  should  con- 
tain but  a  very  small  proportion  of  silver,  and  it  is  evidently  essen- 
tial that  in  all  cases  the  assayer  should  be  assured  of  the  exact 
quantity  of  this  metal  by  means  of  repeated  trials.  The  lead  addei 
to  the  aUoy  being  in  all  cases  weighed,  its  corresponding'  amomit 
of  silver  must  be  deducted  from  that  obtained  from  the  alloy  at 
the  ta!inination  of  the  experiment. 

The  results  of  the  operation  are  also  considerably  influenced  lif 
the  temperature  at  which  the  cupellation  has  been  conducted,  and 
consequently  all  assays  made  in  this  way  are  liable  to  a  eertain 
amount  of  error.  When  the  muffle  is  too  strongly  heated,  the 
silver  becomes  perfectly  refined,  but  experiences  a  loss  through 
sublimation  and  absorption  by  the  cupel ;  whilst  on  the  contrary, 
when  the  temperature  has  not  been  sufficiently  elevated,  iia 
button  is  not  thoroughly  refined,  but  retains  a  portion  of  leai 
These  two  causes  of  error  existing  at  the  same  time  in  all  cupd- 
lations,  are  found  in  practice  to  almost  neutralize  each  other, 
although  it  is  necessary  to  employ  various  minute  precautions  in 
order  to  obtain  satisfactory  results. 

The  assayer  should,  in  the  first  place,  constantly  heat  his  fur- 
nace to  the  same  temperature,  and  make  a  table  of  corrections 
by  which  he  may  be  enabled  for  each  alloy  to  determine  the  addi- 
tion which  should  be  made  to  the  result  found,  in  order  to  arrive 
at  the  correct  standard  of  the  mixture.  This  table  is  constructed 
by  cupelling  a  series  of  alloys  made  by  melting  together  proper 
mixtures  of  copper  and  silver,  and  of  which  the  true  composition  is 
consequently  known.  This  table  can,  however,  be  only  employed 
by  the  assayer  who  constructs  it,  as  it  is  merely  applicable  to  the 
particular  furnace  in  which  the  standard  cupeUations  have  been 
made. 

For  the  purpose  of  checking  the  results  incorporated  in  the 
table,  it  is  suso  prudent  to  make  from  time  to  time  an  assay  on 
an  alloy  corresponding  to  one  of  those  first  operated  on,  as  bj 
this  means  it  is  easy  to  discover  whether  the  loss  during  the  cupel- 
lation remains  constant  for  each  alloy,  and  consequently  whether 
the  tabular  corrections  may  still  be  safely  employed.  Tnia  check- 
ing becomes  especially  necessary,  if  any  sort  of  alteration  has  be«» 
made  in  any  of  the  arrangements  of  the  frvrnace.^  -  .       , 
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The  following  table  is  that  adopted  at  the  IVeneh  Mint,  for  the 
different  aUoys  of  silver  and  copper  :— * 


Lose,  or  quantities  to  be 
added  to  the  weighta 
ibund  by  Cupellation. 
103 
2-50 
400 
415 
4-30 
4-52 
4-75 
4-71 
4-68 
4-68 
4-68 
395 
2-60 
2-53 
0'«8 


Standard  by 
True  Standard'  Cupellation^ 

1000  998-97 

950  947-50 

90O  8960O 

850  845-85 

80a  795  70 

750  745-48 

700  e95-25 

650  645-29 

600  595-32 

550  545-32 

500  495-32 

400  89605 

300  297-40 

200  197-47 

lOa  99-12 

When  other  metals  besides  lead  and  silver  are  present  in  an 
alloj,  the  cupel  usually  affords  indications  from  which  it  is 
easy  to  judge  of  their  nature,  and  roughly  of  the  amount  in  which 
they  exist.  Pure  lead  stains  the  cupel  a  straw-yellow  colour, 
sometimes  verging  on  orange.  Copper  gives  a  grey  or  dark- 
brown  tint  according  to  its  quantity.  Iron  produces  a  black  stain 
which  is  chiefly  formed  shortly  after  the  commencement  of  the 
operation,  and  gives  rise  to  a  dark  ring  around  the  sides  of  the 
cupel.  Zinc  leaves  a  yellowish  stain  on  the  cupel,  and  produces 
during  the  process  of  cupellation  a  luminous  white  flame,  and 
abuncWt  fumes  of  the  same  colour,  which  carry  off  with  them  a 
considerable  amount  of  silver.  Tin  produces  a  grey  slag,  and  anti- 
mony leaves  a  spongy  yellow  scona,  which  causes  the  circum- 
ference of  the  cupel  to'  effloresce  and  split  off.  The  two  last- 
named  metals  render  the  cupellation  of  the  alloys  in  which  they 
exist  extremely  difficult,  and  necessitate  the  emplovment  of  a  large 
quantity  of  pure  lead  in  order  to  carry  oft*  the  msoluble  oxides 
formed.  When  assays  of  alloys  containing  silver  are  frequently 
to  be  made  by  cupellation,  it  will  be  found  extremely  convenient 
to  keep  in  the  laboratory  a  supply  of  poor  lead,  ready  weighed  out 
into  pieces  of  50  and  100  grains :  by  this  means,  the  standard  of 
the  lead  being  previously  known,  it  becomes  easy,  bv  merely  count-  ' 
ing  the  numl^r  of  pieces  added,  to  know  exactly  wnat  deduction  is 
to  be  made  for  the  silver  in  the  poor  lead  at  the  termination  of  the 
cupellation.  When  assays  containing  copper  and  other  metals  are 
to  W  capelledy  the  cupel  should  be  firat  about  half  filled  with  poor 
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lead,  and  when  this  baa  ftised  and  become  imoovfred,  the  alloy  to 
be  examined  is  carefiiUy  added,  enveloped  either  in  paper  or  in  i 
known  weight  of  thin  sheet  lea4,  of  which  the  standard  has  been 
previously  determined, 

Awmj  ^f  Allyer  •rf a. — In  the  aas^iy  of  ores  helonfi:ing  to  tbii 
class  the  object  ^ught  is  to  obtain  the  metals  which  they  contain 
in  the  form  pf  alloys  with  lead,  and  these  are  afterwards  passed  to 
the  muffle  and  cupelled  in  the  ordinary  way,  The  method  of 
assaving  lead  ores  containing  silver  was  described  when  treating 
pf  that  metal. 

Argentiferous  minerals  containing  cppper  may  be  assayed  u  if 
that  metal  alone  were  present,  as  the  resulting  button  of  alloy 
admits  of  being  readily  cupelled  with  a  proper  addition  of  metalHe 
lead.  In  roasting  these  orep  it  is  generally  necessary  to  emplof 
a  verv  low  temperature  only,  f»,  from  their  great  fusibility,  they 
wouli  otherwise  be  liable  to  agslutinatp,  by  which  the  fiuther 
expulsion  of  the  sulphiir  would  be  rendered  extremely  difficult 
It  is  also  of  the  greatest  importance  that  the  whole  of  the 
sulphur  contained  in  the  ore  should  be  expelled,  as  otherwise  a 
large  portio^i  of  the  silver  present  is  retained  in  the  slag  by  the 
^kaiine  sulphuret  formed  dj  the  piutual  decpmppsition  of  the 
metallic  sulphurets  and  the  mix  emplo^^ed  in  the  assay. 

Ores  of  suver  in  which  the  metals  exist  in  the  forpi  of  redudbk 
oxides  are  commonly  fused  with  a  mixture  pf  litharge  and  finely- 
powdered  ^harcpal,  bjr  which  an  alloy  with  lead  is  obtained,  whicb 
IS  subsequently  subject^  to  cupellation.  The  proportion  of 
litharge  employed  fpr  this  purpose  piust  be  varied  according  to 
circumstances,  as  the  resulting  button  of  alloy  should  not  be  too 
rich,  since  in  that  case  a  portion  of  the  silver  is  lost  in  the  slag; 
nor  too  poor,  as  the  cupellation  would  then  occupy  a  long  time, 
and  a  loss  through  sublimatiou  be  entailed.  In  ordinary  cases,  if 
400  fi;rains  of  ore  be  the  quantity  operated  on,  fi  button  of  200  grains 
will  be  a  very  convenient  amount  fpr  cupellatipn ;  and  this  may  be 
obtained  by  the  addition  of  300  grains  of  litharge,  and  froa 
7  to  8  grains  of  finelyrpowdered  charcoal.  The  wholp  is  to  be 
well  mixed  with  200  gr^s  of  parbonate  of  soda  on  a  sheet  of 
highly-glazed  paper,  and  afte^ards  introduced  into  an  earthen 
crucible,  of  which  it  should  not  fill  more  th^  two-thirds  the 
capacity.  This  is  now  covered  with  a  thin  layer  of  borax,  and 
fused  in  an  ordinary  assay  fiimace,  care  being  taken  to  withdraw 
it  from  the  fire  as  soon  as  a  liquid  and  penectly  homogeneous 
filag  has  been  obtained,  as  the  unreduced  litharge  would  ptherwise 
be  liable  to  cut  through  the  pot  fmd  spoil  the  experiment.  When 
it  has  sufficiently  coofed,  the  crucible  \b  bro]i:en,  and  the  button  d 
a]loy  obtained  is  passed  to  the  pupel.   Ip  tlus  ^id  all  witnilar  expeii* 
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fiients  it  is  of  coarse  necessary  to  ascertaiii  by  pi^vidiis  ex^erimeut 
tke  standard  of  the  lead  obtamed  by  the  reduction  of  the  litharge, 
in  order  to  be  possessed  of  data  firom  which  to  make  the  requisite 
deduction  fix)in  the  result  obtained.  With  poor  litharge,  however, 
the  resulting  lead  contains  so  small  an  amount  of  silver,  that,  for 
many  commercial  purposes,  its  presence  may  be  entirely  ne^ 
glected. 

When  other  minerals  than  oxides  or  carbonate  are  to  be 
Qxamined,  the  addition  of  charcoal,  or  any  similar  reducing  agent, 
becomes  in  many  instances  unnecessary,  as  litharge  readily  attacks 
all  the  sulphurets,  arsenio-sulphurets,  &c.,  and  Oxidises  nearlj^  the 
whole  of  their  constituents,  with  the  exception  of  silver,  wmlst  a 
proportionate  quantity  of  metallic  lead  is  at  the  same  time  set 
me.  The  slags  formed  in  this  way  contain  the  whole  of  the 
excess  of  litharge  added,  and  the  button  of  alloy  produced  is  sub- 
jected to  cupeUation  in  the  usual  manner.  The  proportion  of 
oxide  of  lead  added  to  ores  of  this  description  varies  in  accordance 
yrith  the  amount  of  oxidisible  substances  present ;  but  it  should 
in  all  cases  be  added  in  excess,  since,  if  the  slags  retain  traces  of 
any  undecomposed  sulphuret,  the  whole  of  the  silver  contained  in 
the  mineral  will  not  be  collected  in  the  button  of  alloy  obtained. 
For  the  assay  of  iron  pyrites  about  30  parts  of  oxide  of  lead  are 
required ;  whilst  for  mispickel,  blende,  copper  pyrites,  grey  cobalt ^ 
and  sulphuret  of  antimony,  from  15  to  25  times  their  weight  only 
may  be  employed. 

The  only  objection  to  be  made  to  this  method  of  assay  is  the 
large  amounts  of  lead  which  are  produced  for  cupellation;  as 
pure  iron  pyrites  affords  8^  parts  of  this  metal,  whilst  sulphuret 
of  antimony  and  grey  copper  ore  yield  from  6  to  7  parts.  This 
inconvenience  may,  however,  be  obviated  by  effecting  the  partdal 
oxidation  of  the  mineral  by  the  aid  of  nitre ;  by  the  skilful  use  of 
which  a  metallic  button  of  almost  any  required  weight  may  be 
obtained. 

When  this  reagent  is  employed  in  excess,  it  determines  the 
o:(idation  of  all  the  metallic  and  combustible  substances  contained 
in  the  mineral,  not  excepting  the  silver  itself. 

But  when  the  mixture  contains  at  the  same  time  a  large  excess 
of  litharge,  and  the  nitre  has  not  been  added  in  sufficient  quantity 
to  decompose  the  whole  of  the  sulphurets  present,  a  reaction  is 
established  between  the  portion  of  undecomposed  sulphuret  and 
the  oxide  of  lead  added.  This  gives  rise  to  the  formation  of  a 
button  of  metallic  lead,  which,  combining  with  the  liberated  silver, 
affords  a  button  of  alloy  well  suited  for  the  purpose  of  cupellation. 
The  exact  amount  of  nitre  to  be  employed  for  this  purpose  will 
neoessarily  depend  on  the  nature  and  richness  of  the  ores  oj)erated 
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on ;  but  it  should  be  borne  in  mind  that  2|  parts  of  nitrate  of 
potash  are  sufficient  to  completely  oxidise  pure  iron  pyrites,  and 
that  li  and  2-3rdB  the  weight  are  m  the  case  of  sulphuret  of  anti* 
mony  and  galena  sufficient  to  produce  the  same  eSect  lespeetiTely 
on  those  ores. 

Assay  of  Alloys  of  flllrer  and  Copper  by  the  HiuBid  Way. — On 
account  of  the  difficulty  experienced  in  obtaining  perfectly  accii* 
rate  results  by  the  ordinary  method  of  cupeUation,  a  commiBsion 
was  in  1829  appointed  by  the  French  Government  for  the  purpoee 
of  examining  the  different  processes  then  employed  in  the 
Parisian  Mint  for  the  assay  c^  alloys  containing  gold  and  silTer, 
and  reporting  on  any  modifications  which  might  be  thought 
advantageous. 

Gay-Lussac,  who  wius  one  of  the  commissioners  to  whom  this 
question  was  subjected,  proposed  the  adoption  of  the  liquid 
method  of  assay  now  employed,  and  published  in  the  name  of  the 
commission  the  details  of  the  various  necessary  operations.  To 
this  report,  and  Begnault's  more  recent  descnpl^on  of  the 
methods  and  apparatus  at  present  employed  in  the  JPrencfa  Mint^ 
I  am  chiefly  indebted  for  tne  following  details. 

This  process  consists  in  determining  the  standard  of  the  alloy 
examined  by  means  of  a  solution  of  chloride  of  sodium,  of  wbi^ 
the  strength  has  before-hand  been  accurately  ascertained. 

The  solution  of  salt  employed  is  so  regulated  that  a  deci- 
litre is  capable  of  exactly  precipitating  1  gramme  of  piire  silTer. 
To  determine  the  composition  of  an  alloy,  1  grm.  of  the  mixture 
is  dissolved  in  5  or  6  grms,  of  nitric  acid,  and  to  this  is  carefully 
added  the  standard  solution  of  common  salt  from  an  accurately 
graduated  burette  until  the  introduction  of  a  fresh  quantily 
ceases  to  be  accompanied  by  a  deposit  of  insoluble  oblong 
of  silver.  Towards  the  end  of  the  experiment,  when  the  point 
of  saturation  is  nearly  arrived  at,  care  must  be  taken  to  well 
shake  the  bottle  after  the  addition  of  each  successive  drop  of  the 
saline  solution,  as  by  this  means  the  liquor  is  rendered  clear 
through  the  precipitation  of  the  chloride  of  silver  formed.  When 
the  whole  of  the  sdver  has  been  thus  thrown  down,  the  number  of 
divisions  of  the  burette  which  have  been  employed  in  its  precipi- 
tation are  read  off;  and,  from  the  amount  oi  chloride  of  sodinm 
used,  the  per«centage  of  silver  present  is  at  once  ascertained. 

When  an  accurate  assay  has  to  be  made  of  an  alloy  of  wliieb 
the  composition  is  before-hand  approximatively  known,  as  in  the 
case  of  a  silver  coin  or  a  piece  of  plate,  this  process  admits  of 
being  considerably  simplified,  and  at  the  same  time  affords  results 
of  the  most  exact  description.  For  this  purpose  two  distiBH 
solutions  of  common  salt  are  employed  i  the  first^  whkh  is  known 
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by  the  ntune  of  tke  normal  soluiiatij  is  of  saek  a  Btiengtli  diat  one 
decilitse  will  precifAtate  1  grm.  of  pure  ailyer ;  the  second,  called 
the  decimal  wiutumy  is  ten  times  weaker  than  the  first,  and  con* 
sequently  contains  in  a  litre  of  liquor  the  amount  of  chloride 
liecessary  to  effect  the  precipitation  of  1  grm.  of  pure  silver. 

The  better  to  understand  this  process,  let  us  suppose  that  a 
piece  of  silver  money  of  the  Frencn  coinage  is  to  be  examined^ 
and  which,  in  order  to  be  of  the  standard  quality  as  prescribed  by 
law,  should  contain  ^^^ths  of  pure  silver.  We  will  assume, 
then,  that  the  alloy  in  question  only  containfl  T^ths  of  silver,  and 
consequently  that  1'116  grm.  of  the  mixture  will  correspond  to 
1  grm.  of  pure  silver.  This  quantity  is  then  cut  off  the  coin,  and, 
after  beii^  accuratelv  weighed,  is  placed  in  a  bottle  capable  of 
being  perfectly  dosect  by  a  glass  stopper,  where  it  is  mssolved 
in  from  5  to  6  grms.  4»f  pure  nitric  add ;  and,  as  soon  as  the  solu'^ 
tion  has  been  completely  effected,  exactly  1  decilitre  of  the  normal 
solution  of  common  salt  is  introduced. 

It  is  evident  tbat  if,  as  was  first  supposed,  the  alloy  has  really  the 
fltandani  of  ^j^,  the  whole  of  the  silver  will  be  precipitated  by  the 
quantity  of  sc^ution  added,  and  that  the  aupematant  liquor  will 
contain  no  traces  of  chloride  of  sodium  in  excess.  If,  on  the  con* 
trary,  the  standard  is  higher  than  that  originally  assumed,  there 
will  still  remain  a  portion  of  silver  in  solution ;  whilst,  if  it  be  less, 
the  whole  of  the  suver  will  have  been  completely  predpitated,  but 
the  liquor  will  contain  an  excess  of  chloride  of  sodium.  To  ascer^ 
tain  which  of  these  effects  has  been  produced,  the  bottle  is  now 
carefully  closed  with  its  glass  stopper  and  briskly  shaken  until  the 
precipitated  chloride  has  subsideo,  and  the  solution  become  clear. 

When  this  point  has  been  attained,  a  cubic  centimetre  of  the 
decimal  solution  of  common  salt  capable  of  precipitating  0*001  gnn* 
of  puse  silv»  is  introduced.  If  any  unpredpitated  silver  remains 
in  the  solution,  the  liquor  now  becomes  cloudy,  and  after  being 
asain  shaken,  another  centimetre  of  the  decimal  solution  is  added. 
Ix,  on  the  addition  of  this  second  centimetre  of  the  solution,  the 
liquor  again  becomes  turbid,  it  is,  after  being  weU  shaken,  allowed 
to  ^lear,  and  a  third  centimetre  of  the  decimal  solution  poured  in, 
and  BO  on  until  no  further  turbidity  is  produced  on  the  addition 
of  a  fresh  quantity  of  the  decimid  solution.  If  we  suppose  that 
five  of  the  cubic  centimetres  of  the  dedmal  solution,  successively 
added,  have  produced  a  predpitate  in  the  liquor,  whilst  the  addition 
of  the  sixth  has  in  no  way  affected  its  transparency,  we  may  con* 
dude  that  after  the  precipitation  of  1  grm.  of  pure  silver  oy  the 
dedilitre  of  normal  solution,  the  liquor  still  contained  at  least  4 
thouaandths  of  a  gramme  of  silver.  From  the  circumstance  of  the 
fifth  pubic  centimetre  of  decimal  solution  having  caused  a  tm^bidity, 
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wliilfit  the  sixth  produced  no  kind  of  effect  on  the  aolation,  it  is 
also  evident  that  the  liquor  at  most  did  not  contain  more  tinn 
5  thousandths  ora  gramme  of  silver ;  and  therefore,  in  adding  ii 
thousandths,  we  are  certain  of  arriving  at  the  exact  result  to 
within,  at  most,  one  half-thousandth  of  the  truth.  The  standard  of 
the  alloy  examined  will  therefore  he  896-1-4^  =900^  thousandths. 
When,  on  the  contrary,  the  cuhic  centimetre  of  the  decimal  flolu- 
tion  gives  no  further  precipitate  in  the  solntion  of  silver  whidi 
has  ahready  received  the  decilitre  of  the  normal  liquid,  it  is 
evident  that  the  standard  of  the  alloy  must  be  inferior  to  i^SAs^ 
and  consequently  the  mixture  is  below  the  legal  title.  If  in  ^ 
case  its  exact  composition  is  required,  recourse  must  be  had  to  s 
standard  solution  of  silver  in  nitnc  acid,  so  adjusted  that  one  htre 
oithe  liquor  may  contain  exactly  1  gramme  of  pure  silver.  Tins 
is  only  employed  when  the  alloy  to  be  examined  proves  to  be  poorer 
in  silvw  than  was  imagined  at  the  commencement  of  the  operatiaD, 
and  is  called  the  decimal  solution  ofsilter. 

To  use  this  preparation,  a  cubic  centimetre  of  the  decimal  siher 
solution  is  dropped  from  a  pipette  into  the  bottle  containing  the 
assay,  and  precipitates  an  amount  of  salt  exactly  corresponding  to 
the  same  volume  of  the  decimal  solution  of  common  salt,  which 
was  added  for  the  purpose  of  ascertaining  whether  the  whole  of 
the  silver  had  been  precipitated.  The  liquor  is  now  brightened  by 
agitation,  and  another  cubic  centimetre  of  the  silver  solution 
added.  If  a  turbidity  is  produced,  the  bottle  is  again  shidLen,  and 
a  third  measure  of  the  solution  introduced  after  the  chloride 
fbrmed  haa  been  completely  deposited.  This  is  continued  unti 
the  addition  of  the  silver  solution  ceases  to  cause  a  precipitate  in 
the  solution  to  be  assayed.  If  we  in  this  case  suppose  that  the 
first  five  cubic  centimetres  of  the  silver  solution  gave  rise  to  the 
formation  of  a  precipitate,  and  that  on  the  introduction  of  the 
sixth  the  liquor  remained  perfectly  clear,  it  is  probable  that  the 
fifth  cubic  centimetre  was  not  entirely  decomposed,  and  it  is  thei^ 
fore  customary  to  admit  that  4^  cubic  centimetres  of  thesilrer 
solution  have  been  sufficient  to  effect  the  decomposition  of  the 
excess  of  chloride  of  sodium  remaining  in  the  fluid  after  the 
introduction  of  the  decilitre  of  the  normal  solution. 

It  is  consequently  evident  in  this  case,  that  it  will  be  necessary 
to  subtract  4}  thousandths  from  the  presumed  title  of  the  compound, 
and  that  the  correct  standard  of  the  alloy  will  be  expressed  hf 
896  —  4i  =  891i  thousandths. 

In  large  establishments,  such  as  the  different  Mints  where  greifc 
numbers  of  assays  of  alloys  composed  of  copper  and  silver  tie 
daily  made,  the  apparatus  is  so  arranged  as  materially  to  facilitate 
the  performance  of  the  varioua  operations  above  deeeribed.    In 
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the  Frencli  Mint,  where  this  method  of  assaying  was  first  em- 
ployed, the  apparatus  figs.  207  and  208  has  been  ^opted. 


207. 


208. 


The  normal  solution  of  common  salt  is  kept  in  a  large  vessel,  T, 
made  of  sheet  copper,  and  carefully  tinned  on  the  inside.  This 
reservoir,  for  the  purpose  of  preventing  evaporation,  is  completely 
covered  by  an  immoveable  lid,  provided  with  a  tube  a  a,  by  which 
the  air  enters  the  chamber  to  supply  the  place  of  any  portion  of 
the  solution  that  may  be  drawn  off.  This  vessel,  which  is  sup- 
ported on  a  shelf  fixed  near  the  roof  of  the  laboratory,  is  provided 
with  a  tube,  h  e  d,  bent  at  right  angles  at  c,  and  which  admits  of 
being  closed  by  a  stop-cock,^.  The  pipette,  p,  which  contains 
exactly  a  decilitre  of  the  liquid,  is  connected  with  the  tube  c  cf  by 
means  of  the  tube  d  e,  which  contains  a  thermometer  accurately 
graduated.  The  metidlie  connector  by  which  the  tube  d  e  vi 
mtened  to  the  pipette,  p,  is  provided  with  two  stop-cocks,  f  and  t*', 
of  which  the  uses  will  be  presently  explained.  In  conducting  an 
assay,  the  operator  closes  the  extremity  of  the  pipette  with  the 
fere-finger  of  the  left  hand,  fig.  208,  and  with  the  right  openif 
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the  taps  £  and  i'\  by  the  first  of  which  the  solution  enters  the 
burette,  whilst  from  the  second  the  air  contained  in  the  glaaa  bulb 
escapes  in  proportion  as  it  becomes  filled  by  the  norms!  solutian 
of  chloride  of  sodium.  When  the  burette  has  become  filled  by 
the  liquor  to  a  little  bejond  the  mark  m,  the  cocks  i  and  f*  are 
both  closed,  and  the  instrument  remains  charged  with  t^ 
solution. 

On  the  table  immediately  beneath  this  apparatus  is  placed  a 
sliding  support,  w,  in  which  is  secured  by  means  of  a  ring  of  thin 
copper,  0,  the  bottle,  b,  containing  the  solution  in  nitric  acid  of 
the  alloy  to  be  assayed,  whilst  immediately  in  connection  with  it 
is  a  small  stand,  s,  on  which  is  fiftstened  a  spon^,  9,  covered  by  a 
piece  of  fine  linen,  and  situated  at  the  exact  height  of  the  beak,  ji, 
of  the  pipette.  The  assayer  now  slides  the  plate  w  in  the  grooTes 
G  o',  in  such  a  way  that  the  sponge  may  come  in  contact  with  the 
extremity  of  the  burette,  and  by  carefully  admitting  air  through 
the  aperture  V\  allows  the  liquor  to  descend  until  it  exactly  reaches 
the  level  of  the  line  m,  marked  on  the  glass  by  means  of  a  scratdi- 
ing  diamond.  The  sponge  removes  the  last  drop  of  the  solution, 
which  would  otherwise  remain  attached  to  the  beak  of  the  instru- 
ment, aud  in  proportion  as  it  becomes  saturated  with  moisture  it 
leaks  down  through  the  hollow  support,  s,  into  the  eup-sluq>ed  re- 
ceiver B,  where  it  is  collected.  The  operator  now  draws  the  slide 
towards  the  right  until  it  is  stopped  by  a  peg,  which  arrests  it  when 
the  neck  of  the  bottle  is  immediately  under  the  extremity  of  the 
burette ;  and,  having  again  opened  the  cock  ^',  he  allows  Uie  solu- 
tion  to  flow  directly  into  it.  The  last  drop  of  the  liquor  invariably 
remains  attached  to  the  burette ;  but,  as  the  instrument  is  gauged 
with  due  attention  to  this  circumstance,  its  removal  becomes 
unnecessary,  and  would  in  fieu^t  vitiate  the  result  obtained*  As  in 
most  instances  several  assays  are  being  made  at  the  same  time, 
the  weighed  quantities  of  afloy  are  commonly  dissolved  in  numr 
bered  bottles,  which  are  arranged  in  a  metallic  frame  somewhat 
similar  to  a  cruet  stand,  and  which,  after  the  introduction  of  the 
add,  is  placed  in  a  vessel  of  hot  water  for  the  purpose  of  £acili* 
tating  their  solution. 

mien  the  various  alloys  have  become  completely  dissolved,  the 
nitrous  fumes  are  removed  from  the  bottles  by  slightly  blowing 
into  them  through  a  glass  tube,  and  a  decilitre  of  the  normu 
solution  is  then  introduced  into  each  by  the  method  already 
described  The  bottles  are  subsequently  placed  in  a  second 
metallic  case,  c,  ^»  209,  which,  besides  bemg  provided  with  com- 
partments for  each  phial,  is  suspended  from  the  extremity  of  a 
steel  spring,  a  6,  ana  is  steadied  from  below  by  the  elastic  spird, 
e  d.    The  bottles,  after  being  carefully  closed  hj  their  stoppers 
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fiCad  fastened  in  their  several  compartments,  are  now  well  shaken 
by  an  aesistant,  who  takes  hold  of  the  handle,  e  /,  and  briskly 
agitates  the  whole  apparatus  during  several  minutes.  As  soon  as  the 
liquors  have  in  this  way  been  rendered  suffi- 
ciently dear,  the  bottles  are  removed  from 
the  frame,  c,  to  a  black  table  fitted  up  with 
divisions  numbered  to  correspond  with  those 
on  the  phials  themselves,  care  being  also 
taken  that  each  assay  be  placed  in  the  com- 
partment to  which  it  belongs.  The  decimal 
solution  which  is  contained  in  a  phial  having 
a  pipette  passing  through  its  stopper,  is  now 
employed  for  the  purpose  of  determining 
the  exact  standard  of  the  various  assays. 
This  pipette  is  so  marked  by  a  line  drawn  on 
its  surface  as  to  allow  the  operator  to  exactly 
measure  out  one  cubic  centimetre  of  the 
liquid  which  it  contains.  To  do  this,  the 
point  of  the  forefinger  is  applied  to  the  upper 
extremity  of  the  tube,  which,  whilst  thus 
closed,  is  removed  from  the  bottle,  and  is  allowed  to  drop,  by  the 
careful  admission  of  air,  until  the  liquid  has  fallen  to  the  level  of 
the  line  marked  on  its  surface.  The  opening  is  now  closely  stopped, 
and  the  cubic  centimetre  of  fluid  transferred  to  the  first  bottle  of 
the  series,  into  which  it  is  permitted  to  flow  on  removing  the 
finger  from  the  upper  extremity  of  the  jjipette. 

The  same  quantity  of  solution  is  afterwards  successively  added 
to  each  of  the  other  assays.  The  assayer  now  examines  each  of 
the  bottles  in  succession,  and  makes  a  mark  with  a  piece  of  chalk 
on  the  black  table  before  those  in  which  a  precipitate  has  taken 
place.  These  are  a  second  time  transferred  to  the  shaking 
apparatus,  in  which  they  are  briskly  agitated  until  the  liquors 
have  a^ain  become  clear,  when  they  are  taken  back  to  their 
respective  places  on  the  black  table,  and  another  cubic  centimetre 
of  the  decimal  solution  is  added  to  each  in  which  a  precipitate  was 
obtained  by  the  last  operation.  By  degrees  the  several  bottles  in 
which  no  precipitate  has  taken  place  are  thus  eliminated,  and  on 
counting  the  number  of  marks  placed  before  them,  the  number  of 
cubic  centimetres  of  the  decimal  solution  which  have  been  added 
to  each  assay  is  readily  ascertained.  From  this  number  must  be 
deducted  half  a  centimetre  to  allow  for  the  loss  on  the  last  addi- 
tion; a  portion  of  which  only  may  be  supposed  to  have  suffered 
decomposition. 

The  normal  solution  of  chloride  of  sodium  employed  in  this 
operation  is  prepared  at  15^  C,  but  as  this,  in  common  with  all 

Digitized  by  LjOOQ  IC 


540  BILYEB. 

other  liquids,  expands  and  contracts  in  accordance  with  the  teiD- 
perature  to  which  it  is  exposed,  it  becomes  necessary  to  construct 
a  table  of  corrections  to  be  employed  in  all  cases  when  the  liquor 
is  used  at  any  temperature  either  above  or  below  this  point,  for 
this  purpose,  the  thermometer  contained  in  the  tube  d  e  must  be 
consulted,  and  the  correction  read  off  from  tables  prepared  for 
that  p'urpose  ;  but  in  most  instances  it  is  preferred  to  mwe  use  of 
the  following  method,  by  which  any  error  arising  from  the  careless 
preparation  of  the  normal  solution  is  at  the  same  time  falij 
guarded  against.  With  this  view  the  assayer  makes  each  mold- 
ing an  experiment  on  1  grm.  of  pure  silver,  at  the  same  time  that 
he  Is  conducting  his  regular  assays  of  the  usual  alloyB,  and  firom 
the  result  obtained  by  this  check  he  is  enabled  to  correct  for  aoj 
little  irregularity  in  tke  constitution  of  the  solution  employed. 

The  stajidard  solution  of  chloride  of  sodium  is  made  from  com- 
mon salt,  without  any  preliminary  purification,  and  is  usuaQj 
prepared  in  considerable  quantities  at  a  time.  For  this  purpo« 
500  grammes  of  common  salt  are  dissolved  in  four  litres  of  wata. 
The  Uquor  is  now  filtered,  and  the  amount  of  water  that  would  be 
necessary  to  make  a  normal  solution  in,  supposing  the  chloride 
pure,  is  added.  B^  this  means,  a  solution  roughly  approximatiof 
onl^  to  the  composition  of  the  normal  liquor  is  obtained,  and  (X 
which  the  exact  standard  must  be  ascertained  by  adding  a  ded- 
litre  to  a  solution  of  one  gramme  of  pure  silver  in  nitric  scii 
The  liquor  is  clarified  by  agitation,  and  by  the  addition  of  succes- 
sive centimetres  of  the  decimal  solution  either  of  silver  or  chloride 
of  sodium,  the  exact  amount  of  firee  silver  or  chloride,  aa  the  case 
may  be,  remaining  afber  the  addition  of  the  decilitre  of  nomud 
solution,  is  accurately  ascertained. 

When  this  is  known  it  becomes  easy  to  calculate  the  quantity 
of  water  or  chloride  which  must  be  added  in  order  to  arriye  at  the 
correct  standard ;  and  when  this  has  been  added,  other  enierimeiiis 
of  a  similar  description  are  made  until  satisfactory  results  are  u 
length  obtained.  The  decimal  chloride  solution  is  readily  nrepared 
by  pouring  a  cubic  decilitre  of  the  normal  solution  into  a  Dottle  of 
the  exact  capacity  of  a  litre,  and  afterwards  filling  it  up  with  pure 
distilled  water. 

To  prepare  the  decimal  solution  of  silver,  one  grain  of  pore 
silver  is  (Ussolved  in  nitric  acid,  to  which  distilled  water  is  mst' 
wards  added  until  an  exact  litre  of  the  liquid  is  obtained. 
.  When  the  alloy  operated  on  contains  either  mercury  or  lead,  the 
Faults  obtained  hj  the  humid  assay  are  no  longer  exact,  as  these 
metals  being  precipitated  at  the  same  time  as  the  sOver,  decompose 
a  portion  of  the  normal  solution  by  which  the  experiment  becomes 
vitiated.    The  presence  of  mercury  in  the  alloy  examined  is  readily 

Digitized  by  VjOOQIC 


METALLTTBGY   OF   SILTEB,  541 

detected  by  the  difficulty  which  is  then  experienced  in  obtaining  a 
transparent  liquor  by  agitation,  and  when  this  is  obserred  the 
experiment  must  be  discarded  as  unworthy  of  credit,  The  assay 
of  alloys  containing  mercury  may,  however,  be  made  by  the 
humid  process,  if  a  solution  of  acetate  of  soda  be  added  to  the 
nitric  acid  liquor  containing  the  silver  previously  to  the  introduc- 
tion of  the  normal  solution,  as  this  reagent  has  the  property  of 
preventing  the  formation  of  the  mercurial  chloride. 


METAX'LlTItGY  OP  SILVEB. 

Argentiferous  gsdenas  are  first  treated  for  lead,  and  this  metal 
is  subsequently  freed  j^m  silver  by  the  method  described,  page 
500.  When  silver  ip  associated  with  copper  ores,  these  are  in 
like  manner  treated  for  the  copper  they  contain.  The  crude 
metal  produced  is,  however,  subsequently  fused  with  the  addi- 
tion oi  a  large  quantity  of  lead,  which  is  afterwards  sweated 
out  by  a  peculiar  process,  and  subjected  to  cupellation  in  the 
ordinary  way.  In  some  instances,  instead  of  fusing  the  crude 
copper  with  metallic  lead,  the  ores  are  mixed  with  galena,  and 
directly  treated  in  a  reverberatory  fiimace,  by  which  process  a 
copper  matt  and  argentiferous  lead  are  procured. 

La  many  of  the  continental  establishments,  the  separation  of 
silver  from  copper  is  effected  by  the  amalgamation  of  the  last 
matts  obtained  during  the  metaUurgic  treatment  of  the  latter 
metal.  The  ores  of  silver  which  contain  so  small  a  proportion  of 
other  metals  that  their  extraction  would  not  be  attended  with 
remunerative  results,  are,  on  the  contrary,  directly  subjected  to 
treatment  by  metallic  mercury. 

The  amalgamation  of  silver  ores  may  be  performed  by  two  diftt 
tinct  processes.  The  first,  which  is  that  employed  at  Ereyberg, 
in  Saxony,  has  been  universsdly  adopted  in  all  European  establish^ 
ments.  The  second,  known  by  the  name  of  the  Mexican  process, 
is  exclusively  employed  for  the  extraction  of  the  silver  (M>tained 
from  the  various  mines  of  the  J^ew  World,  and  chiefly  differs  from 
the  European  process  by  being  conducted  without  the  aid  of  any 
kind  of  mel,  which  in  many  of  the  foreign  minirig  districts  la 
extremely  scarce  and  expensive, 


lUBOFSAN  PBOCESS  OP  AMALOA3IATIOK. 

The  amalsfamation  of  silver  ores  is  perhaps  more  E^stematically 
and  economically  conducted  at  Halsbriicke,  in  the  vicmity  of  Frey- 
berg,  than  in  any  other  European  locality.  The  usual  ooo 
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of  the  ores  there  treated  are  sulphur,  antimony,  arsenic,  silTer,  cop- 
per, lead,  iron,  and  zinc,  which  are  more  or  less  mixed  with  Tanooi 
earthy  minerals,  hesides  sometimes  containing  smaU  quantities  d 
bismuth,  gold,  nickel,  and  cobalt.  In  the  selection  of  these  ores,  thcj 
are  so  assorted  as  not  to  contain  above  7  per  cent,  of  lead,  or  1 
per  cent,  of  copper,  as  from  combining  with  the  mercury  added, 
these  metals  give  to  the  amalgam  a  pasty  consistency,  and  thereb? 
render  the  treatment  extremely  difficult  and  expensive.  The  mix- 
ture of  the  different  ores  obtained  from  the  mines  is  sa  aranged 
that  the  charges  of  the  furnaces  shall  contain  firom  75  to  80 
ounces  of  silver  to  the  ton  of  mineral,  and  it  is  also  essential  thsl 
they  should  contain  a  certain  proportion  of  sulphur.  Thii 
usually  exist»  in  the  form  of  iron  pyrites,  which,,  on  being  roasited, 
gives  rise  to  the  formation  of  the  sulphate  and  oxide  of  iron  neces- 
sary to  the  success  of  the  subsequent  operations.  If,  as  ia  some- 
times the  case,  the  amount  of  pyrites  naturally  occurring  in  ^ 
ores  is  not  sufficient  for  these  purposes,  addition  is  made  either  of 
this  mineral,  or  in  some  instances  of  ready-formed  sulphate  of 
iron. 

The  ore,  when  thus  prepared,  is  laid  on  a  large  floor,  forty  feet  in 
length  and  about  twelve  in  width,  and  on  the  top  of  it  is  thrown 
about  10  per  cent,  of  common  s^t,  which  is  let  drop,  from  an 
upper  room,  through  a  spout  placed  in  the  floor  for  that  purpose. 
The  heap,  when  it  has  been  thus  made  up  of  alternate  strata!  of  ore 
and  common  salt,  is  well  mixed  by  being  carefully  turned  over,  and 
is  subsequently  divided  into  small  parcels  called  roast-pagts^  each 
weighing  from  3i  to  4i  cwts.  The  salt  annually  employed  for  thia 
purpose  at  the  Halsbriicke  works  amounts  to  300  tons,  and  is  sup- 
plied by  the  Prussian  salt  mines. 

The  mixture  of  ore  and  salt  is  now  roasted  in  reverberator^ 
furnaces  provided  with  fume  flues  for  the  reception  of  any  pul- 
verulent matters  which  may  be  mechanically  taken  over  by  the 
draught.  The  prepared  charge  is  spread  on  the  bottom  of  the 
hearth,  where  it  is  at  first  very  gently  heated,  for  the  pnrpose  of 
expelling  the  moisture,  which  to  a  greater  or  less  extent  it  invari- 
ably  contains.  During  the  process  of  drying,  which  usually  occu- 
pies two  hours,  the  charge  is  kept  constantly  stirred  by  a  loni» 
iron  rake,  and,  when  this  operation  is  considered  sufficiently 
advanced,  the  heat  is  so  far  increased  as  to  cause  the  ignition  of 
the  sulphur,  and  to  render  the  ore  red-hot. 

The  mmace  is  kept  at  this  temperature  for  about  four  hours, 
during  which  time  the  metals  become  oxidised,  and  sulphurous 
acid  gas  is  rapidly  given  off,  whilst  the  ore  is  by  constant  stirring 
prevented  from  becoming  agglutinated  in  masses.  The  tempera- 
ture is  now  still  further  raised,  and  sulphurous  acid  is  again  given 
off,  together  with  vapours  of  chloride  of  iron  and  hydrochloric  add. 
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The  hydrochloric  acid  generated  at  this  stage  of  the  operation  is 
due  to  decomposition  of  the  chloride  of  iron,  by  the  action  of 
oxygen  and  watery  vapour.  This  last  firing,  which  occupies  about 
thr^-quarters  of  an  hour,  is  continued  with  constant  stirring 
until  a  sample  taken  from  the  furnace  ceases  to  evolye  any  odour 
of  sulphurous  acid,  and  has  for  its  object  the  decomposition  of  the 
sea-salt  by  the  metallic  sulphates  produced.  During  this  process 
the  ore  increases  considerably  in  volume,  and  assumes  a  deep^ 
brown  colour.  When  the  roasting  is  terminated  the  charge  is 
raked  from  the  furnace  on  to  the  floor  of  the  establishment,  from 
whence,  after  having  been  allowed  to  cool,  it  is  removed  for  the 
purpose  of  being  passed  through  a  set  of  fine  sieves,  by  which  the 
finer  powder  is  separated  from  the  agglutinated  lumps.  These 
are  broken  down  to  a  proper  size,  and  after  being  mixed  with  a 
fresh  quantity  of  sea  salt,  are  ag^in  roasted  in  the  usual  way. 
The  finer  particles  are,  on  the  contrary,  taken  to  a  pair  of  heavy 
mill-stones,  where  they  are  reduced  to  the  state  of  an  impalpable 
powder.  At  the  Halsbriicke  works  there  are  fourteen  roasting 
iumaces,  and  as  many  pairs  of  g^nite  mill-stones,  which,  together, 
are  capable  of  preparing  and  grinding  about  70  tons  of  ore  per 
week.  The  ore,  after  passing  through  the  mill,  which  makes  from 
100  to  120  revolutions  per  minute,  is  sifted  through  a  dressing 
apparatus,  which  renders  it  as  impalpable  as  the  finest  flour. 

The  reactions  produced  by  the  process  of  roasting  are  the  fol- 
lowing : — The  sulphurets  of  iron  and  copper  give  otf  sulphurous 
acid  gas,  and  are  transformed  into  oxides  and  sulphates.  The 
sulphiu*et  of  silver,  on  being  heated  in  contact  with  the  sulphates 
of  iron  and  copper,  is  converted  into  sulphate,  whilst  these  metals 
become  oxidisea,  and  sulphurous  acid  is  evolved.  The  sulphates 
of  iron  and  copper,  together  with  the  salt  with  which  they  are 
mixed,  become  fused  even  below  a  red-heat,  and  if  sulphuret  of 
silver  be  present  in  the  mixture,  a  further  amount  of  sulphurous 
acid  is  evolved,  through  the  decomposition  of  that  mineral,  pro- 
duced by  the  reaction  of  its  sulphur  on  the  sulphuric  acid  of  the 
sulphates ;  whilst  sulphate  of  soda,  chloride  of  silver,  and  the 
chlorides  of  copper  and  iron,  are  formed  at  the  same  time. 
"When  these  reactions  are  conducted  with  free  access  of  air,  the 
iron  becomes  partially  converted  into  sesquioxide,  whilst  a  corre- 
sponding amount  of  the  sesquichloride  of  that  metal  is  produced. 
The  sulphurets  of  antimony  and  arsenic  are  likewise  at  the  same 
time  oxidised,  and  we  may  therefore  regard  the  roasted  ore  as 
being  composed  of  sulphate  of  soda,  chloride  of  sodium,  chlorides 
of  manganese  and  lead,  sesquichloride  of  iron,  and  subchloride  of 
copper,  ehloride  of  silver,  sundry  earthy  impurities,  and  various 
naetellic  oxides. 
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The  amalgamation  of  this  prepared  ore  is  performed  in  20 
wooden  casks,  arranged  in  4s  rows,  and  each  turning  on  cast  iioB 
axles,  secured  to  the  ends  hy  means  of  bolts.  These  bairdi, 
which  are  2  feet  10  inches  in  length,  and  2  feet  8  inches  in  into^ 

nal  diameter,  are  made  of  oak  stavet, 
3i  inches  in  thickness,  and  are  far- 
ther strengthened  by  iron  hoq»  ani 
binders,  jGig.  210.     On  one  of  the 
ends  of  each  tun  is  placed  a  tootM 
wheel,    which  works    into  anoiber 
toothed  wheel,  to,  figs.  211  and  212, 
mounted  on  an  axk,  «,   which  i^ 
ceiyes  its  motion  directlyfinom  awa^ 
wheel.    Above  each  of  the  tans  m 
arranged,  is  j>laced  a  wooden  case,  c, 
into  which  is  thrown  the  prepared 
mineral,  and  which  is  fumished  vi^ 
a    leathern    hose,  A,  for    the  mt- 
pose  of  introducing  the  powderedore 
With  this  view,  each  cask  is  fis- 
and  an  iron  or  wooden  ^ 
which  is  employed  for 
running  offattheter 
mination  of  the  pro- 
cess, the  ai^gentiferatf 
amalgam. 

The  basiiiB,  s,  eatih 
ated  immediatelyaboie 
each  tun,  are  of  sucb  i 
size  as  to  exactly  ood- 
tain  the  amount  d 
water  neoeasaiy  for 
one  charge.  oek^ 
the  tuns,  and  a  httie 
above  the  sar&ce  d 
the  ground,  are  pb- 
ced  triangular  troogbt 
destined  to  reeeir 
thevaziouB  elaboanle^ 
products  at  the  termh 
nation  of  theoperaticB- 
At  thecommenoemest 
of  the  operataon,8c«t^ 
of  watcar  are  nm  also 
each  barrel  firom  tk 
reservoir  B,  after  which  10  cwts,  of  th^  finely  ground  and  sftJ 
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ore  are  introduced  through  the  hose  h.  To  this  are  added  &om 
78  to  100  lbs.  of  wrought  iron,  cut  into  fragments  of  about  an 
inch  square,  and  |  of  an 
inch  in  thickness,  and 
which,  in  proportion  as 
they  become  dissolved  by 
tlie  action  of  the  sub- 
stances with  which  they 
are  associated,  are  re- 
placed by  fresh  pieces. 
The  casks  are  now  tightly 
dosed  by  screw  stoppers, 
and  as  soon  as  they  have 
been  all  charged,  the  ap- 
paratus is  thrown  into 
gear  by  means  of  a  screw, 
and  the  sliding  block  5,  fig.  210,  which  cause  the  tuns  to  rotate 
with  a  rapidity  of  from  18  to  20  turns  per  minute.  At  the 
expiration  of  two  hours  the  machinery  is  again  stopped,  and  the 
tuns  are  opened  for  the  purpose  of  examining  the  state  of  the 
metalliferous  paste  which  they  contain.  If  the  charge  is  too  firm 
a  little  water  is  added,  but  if,  on  the  contrary,  it  is  found  to  be 
too  liquid,  a  small  quantity  of  powdered  ore  is  thrown  in.  When 
this  has  been  attended  to,  5  cwts.  of  mercury  are  poured  into 
each  cask,  and  the  tuns,  after  being  securely  closed,  are  again 
thrown  into  gear,  and  kept  constantly  revolving  for  16  or  18 
hours,  at  the  rate  of  from  20  to  25  turns  per  minute.  During 
this  time  they  are,  however,  twice  examined,  for  the  purpose  of 
seeing  whether  the  paste  which  they  contain  be  of  the  proper  con- 
sistence, for  if  it  be  too  thick,  the  particles  of  mercury  are  not 
sufficiently  brought  into  contact  with  the  silver  contained  in  the 
ore,  and  if  too  much  water  has  been  added,  they  remain  at  the 
bottom  of  the  cask,  and  are  not  sufficiently  mixed  with  the  difierent 
constituents  of  the  charge.  In  the  first  case  it  is  necessary  to 
add  a  small  quantity  of  water,  and,  in  the  second,  a  little  powdered 
ore.  After  the  intaroduction  of  the  mercury,  the  temperature  of 
the  casks  becomes  considerably  raised  by  the  chemical  changes 
constantly  going  on  within,  so  that,  even  in  winter,  it  sometimes 
stands  as  high  as  104''  Fahr. 

At  the  expiration  of  20  hours  the  amalgamation  of  the  silver  is 
ordinarily  complete,  and  the  tuns  are  now  entirely  filled  with 
water,  and  again  made  to  turn  during  two  hours,  mth  a  velocity 
of  only  8  revolutions  per  minute.  The  amalgam  is  by  this  means 
separated  from  the  slimy  matters  with  which  it  was  mixed,  and 
collects  in  one  mass  at  the  bottom  of  the  tuns.     When  this  aggre- 
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gation  of  ilhe  amalgam  has  been  aocomplisbed,  the  diffisreofc 
casks  are  sucoessiyely  thrown  out  of  ffear,  and  are  stopped,  with 
their  apertures  a  immediately  over  the  spouts  a,  A  small  peg 
in  the  btung  is  now  remoTejf  and  the  liquid  amalgam  flows  ool 
and  is  receiyed  in  the  tnai^gular  i^out;  the  workman  closdy 
watches  this  period  o£  the  operation^  and  the  moment  any  of  ti» 
earthy  matters  begin  to  flow  from  the  orifice,  it  is  again  tigh% 
closed.  The  mercurf  is  now  run  off  through  the  iron  tube  p,  into 
the  gutt^  Vf  t)|]r  whidi  it  ia  oonducied  to  a  reoeiyer  prepared  far 
that  purpose. 

The  casks  are  now  tamed  with  the  apertures  a  upwards,  and 
as  soon  as  the  bungs  haye  been  remoyed,  they  are  aeain  lRX)udst 
back  to  their  former  position,  and  the  muddy  residuum  is  &- 
charged  into  a  spout,  m)m  which  it  flows  into  large  reserrob 
situated  at  a  lower  leyel.  This  residuary  ore  is  found  to  be 
stripped  of  its  silyer  to  within  about  5^  oz.  to  the  ton,  and  is 
therefore  often  subjected  to  another  amalgamation.  The  empkj* 
ing  and  discharging  of  the  casks  occupies  about  two  hours,  and 
the  whole  process  is  therefore  finishea  in  something  lesa  lium  24 
hours.  In  14  days,  160  tons  of  mineral  are  treated  in  dib 
est;ablishment,  eyery  5  tons  of  which  require  an  expenditure  of 
ISlbs.  of  metallic  iron,  and  21bs.  12i  oz.  of  mercury ;  so  tiiat  evei; 
pound  of  metallic  silyer  produced  is  obtained  at  an  expense  at 
Od5  of  an  ounce  of  mercury. 

During  the  first  two  hours  that  the  casks  are  set  in  action,  and 
before  the  introduction  of  the  mercury,  the  sesquicUoriide  of  iron 
amtained  in  the  ore  is  decomposed  mr  the  metallic  iron  present, 
and  conyerted  into  protochlonde.  li^  instead  of  operating  in  tbe 
way  described,  the  mercury  were  immediately  introduced  into  Uie 
casks,  it  would,  by  reacting  on  the  perchloride  of  iron,  become 
partially  conyertea  into  osdomel,  which,  not  beeoming  again 
reduced  during  the  subsequent  stages  of  the  Toperation,  would 
be  productiye  of  a  considerable  loss  of  this  yaluable  metal. 
This  inconyenience  is,  howeyer,  completely  ayoided  by  the  actiffi 
of  the  metallio  iron,  as  the  protochloride  thus  formed  is  entirelr 
without  action  on  metallic  mercury.  The  chloride  of  silyer  con- 
tained in  the  roasted  ore  is  held  in  solution  by  the  chloride  of 
sodium,  and  becoming  reduced  to  the  metallic  state  by  the  oonstant 
agitation  with  the  metallic  iron,  combines  with  the  mercuiyto 
form  a  liquid  amalgam.  The  chlorides  of  lead  and  ooj^^^  aie 
decomposed  at  the  same  time  as  the  chlorides  of  silyer,  and  enter 
into  the  composition  of  the  amalgam  produced. 

When  the  residual  earthy  matters  are  drawn  off  fixim  the  casb^ 
the  pieces  of  metallic  iron  are  retained  by  means  of  a  gratang, 
whilst  the  slimes,  ailer  beiug  run  into  proper  receiyers,  9xe 
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ducted  into  pug^tubs,  where  thej  are  constantly  kept  stirred  with 
a  large  quantity  of  water. 

These  tubs  are  furnished  with  openings  at  yarious  distances 
from  the  bottom,  by  which  the  muddy  water  is  successively  drawn 
off,  whilst  a  certain  quantity  of  amalgam  is  found  collected  at  the 
bottom  of  the  vessel.  This  is  collected  at  the  dose  of  the  opera- 
tion, and  added  to  that  obtained  by  tapping  directly  from  the 
amalgamation-tuns,  as  before  described. 

The  mercury  and  amalgam  obtained  from  the  casks  is  afterwards 
filtered  through  dose  canvas  bags,  by  which  the  liquid  quicksilver 
is  separated  m)m  the  pasty  amalgam,  which  is  retained  by  the 
doseness  of  the  web,  whilst  the  mercury  passes  through  into 
reservoirs  prepared  for  that  purpose.  The  pasty  amalgam  which 
is  retained  in  the  bags  consists  of  a  mixture  of  six  parts  of  mer- 
cury, and  one  part  of  an  alloy  composed  of  about  80  per  cent,  of 
silver,  and  20  of  a  mixture  of  copper,  lead,  bismuth,  antimony, 
goldy  nickel,  zinc,  and  some  other  metals.  This  mixture  is  8ub<- 
sequently  heated  in  a  distillatory  furnace,  and  is  thus  freed  from 
the  adhering  mercury,  whilst  the  non*volatile  constituents  of  the 
alloy  are  obtained  in  the  solid  form. 

At  Halsbrucke,  the  sublimation  of  the  mercury  is  performed 

in  furnaces,  beneath  which  are  placed  wooden  c&awers,  sliding 

in  grooves,  and  supporting  an  open  basin  of  cast  iron;  these 

themselves  BupiK)rt  a  wrouj^ht  iron  stand,  resting  on  four  iron 

feet  placed  within  them.    This  upright  shaft  passes  through  the 

centre  of  five  cup-shaped  iron  plates,  which  are  placed  at  distances 

of  about  five  inches  apart,  and  are  destined  to  nold  the  amalgam 

which  ia  to  be  operated  on.    Over  this  is  lowered,  by  means  of 

a  crane  and  chain,  a  cast  iron  bell-shaped  dome,  supported  by  a 

wrought  iron  framing,  and  furnished  with  a  loop.    A  sheet-iron 

door  is  also  employed  for  the  purpose  of  closing  up  the  front 

of  the   aperture  when  the  amalgam   has  been   placed  on  the 

support,  and  the  bell  has  been  accurately  deposited  over  it.     The 

totiu  weight  of  the  balls  of  amalgam  placed  in  each  furnace  usually 

amounts  to  about  3  cwts.,  and  after  the  bell  has  been  let  down 

over  it,  and  the  door  closed,  the  basin  is  filled  with  water,  and 

a  fire,  made  with  chips  of  firewood,  is  lighted  on  the  plate,  which 

has  a  hole  in  its  centre,  and  accurately  fits  the  sides  of  the  bell  in 

the  part  where  it  is  situated.     Befi>re  closing  the  door,  it  is 

thickly  lined  with  fire-clay,  and  the  apertures  existing  between  it 

and  the  wall  are  afterwards  securely  luted  up. 

"Wlien  the  wood  has  become  weU  ignited,  the  roace  is  gradually 
filled  up  with  fuel,  which  consists  at  first  of  turt,  and  afterwards 
of  charcoal.  In  this  way  the  bell  becomes  red-hot,  and  the  mer* 
curVy  which  is  sublimed,  fiills  down,  and  is  collected  in  the  basin 
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which  is  constantly  supplied  with  cold  water,  through  pipes  lal 
on  for  that  purpose.  At  the  end  of  eight  hours,  the  operttkioB 
is  usually  miished,  and  when  no  more  globules  of  mercuiy  IR 
heard  to  drop  into  the  water,  the  fire  is  allowed  to  go  gradual^ 
out.  When  sufficiently  cooled,  the  bell  is  removed  by  means  of  s 
crane,  and  the  impure  silver  is  taken  &om  the  shelves  of  the  bi^ 
port.  The  mercurv  collected  in  the  basin  is,  after  being  drained 
and  dried,  sent  back  to  the  works  to  be  again  employed  in  amai- 
gamaticn,  whilst  the  impure  silver  is  refined  by  fusion,  and  sub- 
se<ment  cupellation.  From  each  charge  of  amaJ^m  distilM 
unaer  the  bell,  about  100  marcs  (501bs.)  of  dish  silver  ii 
obtained :  this  impure  silver  contains  on  an  average  20  per  cent 
of  other  metals,  which  are  removed  by  a  process  shortly  to  be 
described. 

The  dust  obtained  from  the  fume  fines  is  from  time  to  time 
removed,  and,  after  having  been  ground  with  the  crucibles  wbii 
have  been  employed  in  the  process  of  refining,  are  passed  to 
the  amalgamation-mill.  The  earthy  residuum  dischai^;ed  &ob 
the  amalgamation-casks,  on  being  subjected  to  a  second  treatment) 
yields  about  4i  oz.  of  this  crude  silver  to  the  ton,  which,  t&a 
being  mixed  with  that  obtained  from  the  first  process,  is  refined 
in  the  ordinary  way.  The  supernatant  liquor,  run  off  from  the 
tanks  in  which  the  schlich  is  allowed  to  settle,  chiefly  consists  d 
solution  of  sulphate  of  soda,  common  salt,  and  sulphate  of  iioQ. 
together  with  small  quantities  of  various  other  soluble  salts.  Tl» 
earthy  deposits  from  the  second  amalgamation  stOl  contain  sihec, 
but  in  too  small  amount  to  enable  it  to  be  profitably  extracted. 

Amalfifamatioii  of  Copper  matte  at  Mansfeld. — ^In  the  eoppff 
works  of  Mansfeld,  the  silver  is  extracted  fi*om  the  last  mat^  h 
a  process  of  amalgamation  in  many  respects  extremely  similar  to 
that  employed  at  Ereyberg  for  the  direct  treatment  of  argentiferoffi 
ores.  The  matt  operated  on  is  first  stamped  and  sifted,  and  afia- 
wards  reduced  between  two  granite  mill-stones  to  the  stateof  powdw. 
This  fine  powder,  after  being  slightly  wetted  with  water,  is  roasted  in 
a  reverberatory  furnace,  with  two  soles  placed  one  above  the  other, 
and  provided  with  condensation  chambers,  for  the  purpose  of 
retaining  the  fumes  and  finely  divided  ore  which  may  be  carried 
over  mechanically  by  the  draught.  The  matt  to  be  roasted  is 
first  heated  very  gently  on  the  upper  hearth  of  the  furnace, 
whilst  the  calcination  of  a  preceding  charge  is  being  completed  on 
the  lower  sole,  which,  from  being  the  nearest  to  the  fire,  is  tie 
most  strongly  heated.  Each  charge  of  powdered  matt  usuallj 
weighs  4  cwt.,  and  is  evenly  spread  over  the  surface  of  the  floor, 
and  kept  constantly  agitated  by  an  iron  rake,  with  a  Tiev  of 
exposing  fresh  surfaces  to  the  oxidising  influence  of  the  air.   At 
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the  expiration  of  thiee  hours  this  roasting  is  sufficiently  advanced, 
and  the  ore  is  then  raked  out  through  a  door  in  the  side  of  the 
furnace,  into  a  bin,  where  it  is  allowed  to  cool.  The  ore  thus 
prepared  is  now  mixed  with  10  per  cent,  of  common  salt,  and  the 
same  weight  of  veiy  finely  powdered  carbonate  of  lime.  To  this 
mixture  water  is  added,  and  the  whole  worked  into  a  paste,  which 
is  subsequently  dried  in  properly  arranged  stoves.  The  dried 
mass  is  then  ground  in  a  mill  to  the  state  of  an  impalpable  pow- 
der, and  subjected  to  a  second  roasting  at  a  much  higher  tem- 
perature than  the  first,  on  the  lower  hearth  of  the  furnace.  The 
carbonate  of  lime  added  in  this  case  is  for  the  purpose  of  efiectin^; 
the  decomposition  of  the  sulphates  of  iron  and  copper,  which 
would  otherwise  be  produced  in  such  large  quantities  as  to  give 
rise  to  considerable  toss  of  mercury  in  the  subsequent  amalgama- 
tion. In  order  to  ascertain  if  the  roasting  is  sufficiently  advanced, 
the  workman  withdraws,  from  time  to  time,  a  small  sample  from 
the  furnace,  and  intimately  mixes  it,  in  a  wooden  bowl,  witn  water, 
and  a  certain  proportion  of  mercury.  This  pasty  mixture  is  sub- 
sequently wa^ed  in  a  larger  quantity  of  water,  b^  which  the 
lighter  earthy  particles  are  removed,  whilst  the  heavier  amalgam 
is  collected  at  the  bottom,  and  from  the  aspect  of  this  he  is  enabled 
to  judge  whether  the  operation  be  progressing  favourably  or  not. 
When  the  appearances  thus  observed  are  not  satis&ctory,  addition 
is  made  either  of  salt,  lime,  or  roasted  matt,  in  the  proportions 
which  may  be  judged  necessary. 

This  second  roasting  occupies  from  one  and  a  half  to  two  hours, 
at  the  expiration  of  which  time  the  charge  is  withdrawn  from  the 
furnace,  and  amalgamated  in  casks  simuar  to  those  employed  for 
the  same  purpose  at  Ereyberg.  Each  barrel  is  charged  with 
6  cwts.  of  roasted  ore,  75  gallons  of  warm  water,  and  801b8.  of 
email  scrap  iron.  The  tubs  are  now  made  to  turn  for  a  sufficient 
time  to  effect  the  decomposition  of  the  percblorides,  and  3  cwts.  of 
mercury  are  introduced.  The  apparatus  is  now  kept  in  motion 
during  14  hours,  at  the  expiration  of  which  time  the  barrels  are 
filled  with  water,  and  kept  slowly  turning  for  about  two  hours,  to 
determine  the  separation  of  the  liquid  amalgam  from  the  earthy 
matters  with  which  it  is  mixed.  The  tubs  are  afterwards  emptiea 
by  the  same  process  as  that  employed  afc  Ereyberg,  and  the  copper 
flchlich  obtained  is  afterwards  mixed  with  15  per  cent,  of  plastic 
day,  and  moulded  into  cakes,  which,  aftcfr  being  dried  at  a  gentle 
heat,  are  treated  in  a  small  blast  furnace  for  the  copper  they 
contain. 

The  silver  remaining  in  the  distillatory  apparatus  after  the 
expulsion  of  the  mercury,  is,  in  these  methods,  fused  in  large  black 
leiul  crucibles,  which  are  filled  with  the  metal  within  two  inches 

Digitized  by  LjOOQIC 


550  BILYES. 

of  the  briniy  and  briskly  agitated  with  an  iron  rodt  whibt  tkr 
Bilver  is  in  a  fused  state.  The  liquid  metal  soon  begins  iopntd 
fumes,  and  throws  up  a  dark-coloured  scum,  which  is  skimmed  al 
and  a  fresh  coating  of  charcoal  thrown  on  its  sux&oe.  Tk 
crucible  is  afterwards  coyered,  and  again  briskly  heated ;  any  M 
slag  which  may  haye  been  thrown  up  is  skimmed  ofi^  and  ik 
operation  is  repeated  as  long  as  any  slog  continues  to  be  (food 
Tne  silyer,  which  is  still  contaminated  by  from  15  to  18  per  cot 
of  copper,  is  now  cast  into  ingots,  which  are  afberwards  refinedk 
a  process  of  cupellation. 


MEXICAN  laSTHOn  07  AJCALOUCATIOir. 

The  ores  obtained  frt>m  tiie  mines  of  Mexico  and  Chili,  whicbse 
situated  on  the  Western  slope  of  the  CordiUeras,  chiefly  coDflbtof 
natiye  silyer,  natural  amalgams,  antimonial  silyer,  and  the  m* 
pounds  of  that  metal  with  arsenic,  chlorine,  bromine,  and  iodine 
In  these  localities  the  metal  is  generally  so  widely  disseminated  a 
the  rock,  as  to  be  but  seldom  yisible  before  the  ores  haye  beenn^ 
jected  to  mechanical  preparation.  On  being  brought  to  the  swAfSt, 
they  are  first  broken  into  pieces  by  men  and  women,  who  sekot^ 
richer  fragments,  and  reject  those  in  which  there  appears  to  be  m 
metallic  particles.  The  more  productiye  portions,  which  iR 
diyided  into  three  classes,  in  accordance  with  their  appar^t  rie^ 
nesB,  are  pounded  by  stamping  mills,  mortero9,  until  thejiR 
broken  down  to  the  state  of  fme  sand.  This  not  being  sa&cimf 
diyided  for  the  purpose  of  amalgamation,  is  afterwards  groinB 
with  water  in  crushmg  mills,  arraatrasy  until  it  is  reduced  to  the 
state  of  an  impalpable  paste. 

These  mills  consist  of  a  circular  bed-stone  of  hard  granite,  VO' 
rounded  by  a  wooden  tub,  in  the  centre  of  which  is  supjported  s 
yertical  shaft,  which  carries  the  mullers  by  which  the  grinding  > 
effected,  and  is  supported  at  its  upper  extremity  by  a  homooial 
beam,  to  which  the  upper  piyot  is  attached.  This  yertical  ass  > 
trayersed  by  two  horizontal  arms,  by  which  the  mullers  are  oqh 
ported ;  and  to  the  extremity  of  one  of  them,  which  is  left  los^ 
for  that  purpose,  are  attached  the  two  mules  by  which  the  maduitf 
is  set  in  motion  when  water  power  is  not  to  be  obtained.  Hitf 
grinding  of  the  ore  is  generally  performed  in  a  large  shed  or 
hacienda,  in  which  numerous  arrastras  are  at  work  at  the  bosh 
time. 

In  place  of  this  apparatus,  a  mill  of  yery  primitiye  constractkm 
is  frequently  employed  for  grinding  silyer  ores.  The  axrangemot 
of  this  machine  is  of  the  most  simple  description.    A  sitoi^ioiL  ii 
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ehosen  where  a  small  stream  of  water  can  be  procured,  and  a  fall 
of  some  eight  or  ten  feet  be  obtained :  h&ce  a  circular  well  is  con- 
etmcted  of  the  whde  depth  of  the  fall  of  water,  and  about  six  feet 
in  diameter.  In  its  centre  is  supported  a  perpendicular  wooden 
shaft,  turning  at  its  lowar  extremity  on  a  bearing  let  into  a  large 
block  of  stone,  and  secured  at  the  other  end  by  a  circular  wooden 
collar.  This  shafts  at  a  short  distance  above  its  lower  bearing, 
passes  through  a  rudely-constructed  wooden  wheel,  around  the 
circumference  of  which  are  arranged  several  spoon-shaped  float- 
boards,  making  altogether  a  wheel  of  about  four  feet  in  diameter. 
These  are  placed  in  a  somewhat  oblique  direction  around  the  peri- 
phery of  the  wheel,  and  are  set  in  motion  by  the  stream  of  water 
falling  with  considerable  impetus  against  them.  The  upright  axis 
passing  through  the  centre  of  the  well  is  continued  about  six  feet 
above  its  surface,  and  at  about  half  this  height  is  inserted  a  hori* 
zontal  arm,  which  serves  as  a  spindle  for  a  large  granite  edge- 
runner,  which  is  made  to  revolve  in  an  annular  trough,  formed 
either  of  the  same  material  or  of  extremely  hard  wood.  The 
stamped  ore  which  is  placed  in  this  trough  is  graduaUv  bruised 
down  by  the  weight  of  the  heavy  stone  rolling  on  its  edge  conti- 
nually  over  it,  and  is  either  taken  out  and  simd  in  the  &y  state, 
or  is  more  jfrequently  ground  into  an  impalpable  paste  with  water. 
In  this  case  the  annular  trough  in  which  the  stone  revolves  is  pro- 
vided with  a  small  aperture  at  a  certain  distance  from  its  edge,  and 
from  this  the  finer  particles  of  ore  are  carried  off  in  suspension  by 
a  current  of  water  constantly  flowing  through  the  apparatus.  The 
fine  particles  of  ore  thus  carried  off  are  conducted  tnrough  a  series 
of  pits,  where  they  are  allowed  to  settle,  and  from  whence  they  are 
BUDsequently  removed  for  the  purpose  of  amalgamation. 

The  stamping  mills  used  for  the  first  crushing  of  the  ores  are 
constructed  with  equal  simplicity,  and  are  set  in  motion  by  a  small 
under^shot  wheel  fastened  to  the  extremity  of  the  wooden  axis  car* 
rying  the  cams  by  which  the  iron  pestles  are  set  in  motion.  Each 
of  these  stamp-heads  or  pestles  usually  weighs  about  2  cwts.  and 
falls  into  an  oblonff  mortar,  somewhat  corresponding  in  shape, 
^though  of  larger  dimensions.  After  having  Seen  thus  reduced 
to  the  state  of  an  impalpable  powder,  the  ground  ore,  or  lamoy  is 
carried  to  the  amalgamation-floor,  or  patio,  which  is  a  large  enclo- 
sure  surrounded  by  high  walls  and  closely  paved  with  large  blocks 
of  granite.  The  mineral  is  here  spread  on  the  ground  in  the  form 
of  liurge  circular  patches  called  tortaa,  YBipns  fr»m  90  to  50  feet 
in  diameter,  and  seldom  exceeding  1  foot  in  Sickness. 

At  Zacatecas  each  torta  contains  00  tons  of  mineral,  and  is  sur- 
rounded by  a  rough  enclosure  of  boards  propped  in  their  places 
witii  large  stones,  and  secured  at  the  joints  by  a  lute  composed  of 
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a  mixture  of  clay  and  horse-diing,  to  pieyent  the  eseape  of  tiie  lani 
In  the  centre  of  the  heap  of  ore  so  arranged,  is  thrown  a  qnanthr 
of  saltierra,  salt  mixed  with  yarious  earthy  impurities.  Tlu 
is  added  in  the  proportion  of  150  English  busheta  to  each  torti 
and  is  intimately  mixed  with  the  lama,  first  by  means  of  woo^ 
shoyels,  and  afterwards  by  the  treading  of  horses  or  mules.  Who 
the  ore  and  salt  hare  been  thus  mixed,  the  heap  is  allowed  ts 
remain  for  the  remainder  of  the  day  without  any  further  prep»- 
tion;  but  on  the  following  mornings  after  about  one  hour's  treuiu 
by  horses,  addition  is  made  of  from  ^  to  1  per  cent  of  roam 
copper  pyrites,  called  magiatral.  This  substance  contains  from  8 
to  10  per  cent,  of  sulphate  of  copper,  and  this  appears  to  be  the  actiw 
principle  through  which  it  affects  the  necessary  chemical  changes 
during  the  subsequent  working  of  the  torta.  A^t  this  additioD  d 
magistral,  the  torta  is  again  trodden  by  horses  which  are  driyen  br 
a  man  who  holds  the  long  halter  by  which  they  are  attached,  id^ 
stands  at  the  centre  of  the  heap  and  continually  urges  them  forward. 

When  the  magistral  and  ore  haye  been  perfectly  inccH-porated,t 
quantity  of  mercury  is  added  by  being  filtered  through  a  bag  made 
of  coarse  canyas,  which  causes  it  to  escape  in  innumerable  smaB 
lets  over  the  whole  sur&ce  of  the  pile.  A  second  treading  rf 
horses  now  follows,  after  which  the  heap  is  turned  by  woodea 
shoyels,  and  its  original  form  again  restored.  This  alternate  tun- 
ing and  treading  by  horses  is  repeated  eyeiy  other  day,  until  the 
whole  of  the  mercury  added  is  found  by  an  assay  to  have  beea 
taken  up  by  the  silver.  When  this  combination  is  found  to  have 
taken  place,  a  second  quantity  of  quicksilver  is  added,  and  the  saoe 
operations  again  repeated  until  this  also  has  been  taken  up,  vtei 
a  third  sup^y  is  generally  added :  after  the  due  incorpon^don  of 
which,  the  ore  is  removed  to  the  washing  backs,  where  tli^  amalgam 
is  separated  from  the  associated  earthy  matters. 

In  order  to  ascertain  the  state  of  the  operation,  and  whea  a 
^  sufficient  quantity  of  mercury  has  been  added,  the  amalgamator 
from  time  to  time  makes  an  assay  by  washing  a  small  portion  A 
the  mineral  from  the  torta  in  a  wooden  bowl  until  the  earthy 
impurities  have  been  removed,  and  the  amalgam  alone  remaisa  m 
the  bottom  of  the  vessel.  From  the  appearance  of  this  he  s 
enabled  to  judge  of  the  progress  of  the  operation,  and  whether  it 
is  necessary  to  effect  the  decomposition  of  a  portion  of  the  magistral 
by  the  addition  of  a  little  lime,  or  if,  on  the  contrary,  there  is  a 
deficiency  of  this  substance.  If  the  surface  of  the  amalgam  is 
of  a  greyish-white  colour,  and  the  mass  admits  of  being  readily 
moul&d  by  the  pressure  of  the  finger,  it  is  a  proof  that  the  prooesa 
is  favouraoly  progressing.  When,  on  the  contraiy,  the  mercmf 
is  in  an  extremely  divided  state,  and  of  a  ddrk  colour,  with  ooea* 
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sional  brown  spots,  it  indicates  the  presence  of  too  large  a  pro^ 
portion  of  magistral,  and  the  torta  is  said  to  be  too  hot.  If  in 
this  case  the  operation  were  allowed  to  proceed  without  any  altera- 
tion, large  quantities  of  mercury  would  be  lost,  and  it  is  therefore 
necessaiy  to  immediately  add  a  certain  portion  of  lime,  which 
decomposes  a  part  of  the  sulphate  and  chloride  of  copper  contained 
in  the  heap.  When,  on  the  other  hand,  the  mercury  is  found  to 
retain  its  fluidity,  it  is  considered  as  a  proof  that  the  torta  is  too 
cold,  and  an  additional  quantity  of  magistral  must  consequently 
be  added.  These  assays  are  frequently  repeated  for  the  purpose 
of  regulating  the  quantities  of  mercury  to  be  employed.  At 
Zacatecas,  where  the  ayerage  richness  of  the  ore  yaries  from  30 
to  35  oz.  of  silyer  to  the  ton,  the  first  addition  of  mercury  to  each 
.  torta  amounts  to  900 lbs.;  the  second  to  300 lbs. ;  and  the  third 
to  420  lbs. :  making  a  total  of  1,620  lbs.  of  mercury  for  eyery  60 
'      tons  of  mineral  treated. 

The  duration  of  these  operations  varies  yery  considerably  in 
'  accordance  with  the  nature  and  richness  of  the  ores  treated,  and 
'  the  more  or  less  skUful  management  of  the  process,  as  in  some 
I  establishments  the  whole  elaboration  of  a  torta  is  in  summer  com- 
pleted in  fifteen  days,  whilst  in  others  it  occupies  from  six  weeks 
*     to  two  months. 

In  winter  the  yarious  reactions  are  found  to  proceed  less  rapidly, 
'  and  a  proportionately  longer  time  is  therefore  necessary  to  produce 
^     the  same  effects. 

[         The  washing-out  yat,  or  lavaderoy  in  which  the  amalgam  is  sepa- 
rated from  the  yarious  sterile  matters  with  which  it  is  intermixed, 
'     consists  of  a  large  yertical  pug-tub,  sunk  into  the  ground,  and  in 
'     the  centre  of  which  is  a  wooden  shaft  furnished  with  seyeral 
'     agitators  arranged  around  it  at  right  angles.  This  is  set  in  motion 
'     by  four  mules,  harnessed  to  a  strong  horizontal  arm  placed  a  little 
aboye  the  leyel  of  the  ground :  the  tub  is  now  filled  with  water, 
'     into  which  is  thrown  the  amalgamated  ore,  and  this  being  con- 
'     fltantly  stirred  about  by  the  vertical  agitator,  allows  the  particles 
'     of  amalgam  to  fall  to  the  bottom,  whilst  the  lighter  earthy  particles 
are  carried  off  by  a  small  stream  of  water,  which  constantly  flows 
'     into  the  apparatus  over  the  side  of  the  tub,  through  a  small  aper- 
'     ture  prepared  for  that  purpose. 

'  The  amalgam  thus  obtained  is  afterwards  placed  in  a  strong 
I  leather  bag  with  a  canvas  bottom,  through  which  the  mercury 
'  percolates  in  a  finely  divided  stream,  whilst  the  pasty  amalgam 
I  remains  behind.  Tms  is  subsequently  pressed  in  order  to  free  it 
I  from  a  further  portion  of  the  adhering  mercury,  and  is  then 
I  moulded  into  wedge-shaped  masses  of  about  30  lbs.  in  weight. 
I     To  expel  the  last  traces  of  quicksilver  these  are  laid  on  the  bottom 
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of  a  furnace  provided  with  an  iron  spout  paasbig  from  the  oeotR 
of  the  sole  into  a  receiver  containing  water  intn^uced  heneath  it 
Around  the  u]>per  aperture  of  this  pipe  the  wedges  of  amalgiB 
are  arranged  in  the  form  of  a  dome,  which  is  amrwards  ooroei 
by  aa  iron  bell,  and  heated  by  a  charcoal  fire  in  a  way  yeiy  sbiulir 
to  that  employed  at  Freyberg,  and  in  other  European  estabM- 
ments.  The  sublimed  mercury  is  condensed  in  the  vessel  of 
water  placed  beneath  the  furnace,  and  on  the  cooling  of  tb 
arrangement  this  is  removed,  and  the  crude  silver  taken  anr 
to  be  fused  into  bars.  By  this  system  of  amalgamation  every  pari 
of  silver  obtained  involves  the  expenditure  of  1*3  parts  of  mocoy, 
which  is  lost  diurin^  the  process. 

In  this  process  the  sulphate  of  copper  of  the  magistaral  and  tk 
common  salt  mutually  decompose  each  other,  and  give  rise  to  Ik 
formation  of  chloride  of  copper  and  sulphate  of  soda.  TVp 
metallic  silver  present  in  its  turn  decomposes  the  chloride  of  «»- 
per,  and  reduces  it  to  the  state  of  subchloride,  whilst  it  is  itssf 
transformed  into  chloride  of  silver.  The  subdiloride  of  ooppr 
is  now  dissolved  in  the  solution  of  chloride  of  sodium,  and  route 
on  the  sulphuret  of  silver  with  the  formation  of  sulphate  of  copper 
and  chloride  of  silver.  The  chloride  of  silver  thus  formed  rneb 
on  the  metallic  mercury,  a  portion  of  which  is  converted  into  boK 
chloride,  whilst  the  remainder  combines  with  the  silver  to 
liberated.  In  this  case,  as  well  as  in  the  process  employed  it 
Freyberg,  it  is  of  the  utmost  importance  that  no  free  protochkxide 
of  copper  should  be  present,  as,  by  giving  up  to  the  mercuiy  ok 
half  of  its  chlorine,  a  considerable  loss  of  that  metal  is  produced. 
When  this  occurs,  lime  is  added  for  the  purpose  of  decompoai^ 
the  excess  of  chloride  of  copper,  by  which  it  is  rendered  neatnl 
and  its  prejudicial  action  on  the  mercuiy  arrested. 

Allays  nf  silver. — On  account  of  its  softness,  silver  is  seldcn 
employed  in  a  pure  state,  but  is  commonly  alloyed  with  a  c^tsA 
amount  of  copper,  by  which  its  hardness  is  remarkably  increased. 
In  this  way  considerable  quantities  of  copper  may  be  added  witii- 
out  materially  diminishing  the  whiteness  of  the  original  metiL 
since  a  mixture  of  seven  parts  of  silver  and  one  of  copper  sdD 
retains  a  decided  white  colour,  although  of  a  less  pure  tint  tlisD 
that  exhibited  by  virgin  silver.  In  order  to  improve  the  colour  of 
objects  formed  of  alloyed  silver,  it  is  usual  to  subject  th^n  to  an 
operation  by  which  their  surfaces  are  rendered  almost  free  hom 
the  presence  of  the  metal  so  combined.  For  this  purposed 
article  to  be  whitened  is  externally  oxidised  by  being  heatiKl  neaily 
to  redness,  and  afterwards  plunged,  whilst  still  hot,  into  water 
acidulated  either  by  nitric  or  sulphuric  add,  by  whidi  the  oxidB 
of  copper  formed  is  immediately  removed.   The.oUect  aftorbeiflg 
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thus  treated,  necessarily  presents  a  matted  surface  from  the  isola- 
tion of  the  particles  of  silver ;  but  this  appearance  is  readil j  re- 
moved by  rubbing  with  a  burnisher. 

The  silver  used  in  the  preparation  of  coin,  and  for  the  manufac- 
ture of  silver  plate,  consists  of  an  alloy  of  silver  and  copper  in 
different  proportions,  fixed  by  the  legislature  of  the  country  in 
which  the  mixture  is  worked.  In  this  country  the  same  alloy  is 
employed  both  for  the  purposes  of  the  Mint  and  the  uses  of  the 
silversmith:  it  is  composed  of  a  mixture  of  111  parts  of  silver 
and  9  of  copper,  and  is  known  by  the  name  of  standard  silver. 
To  preyent  fraud,  all  silver  vessels  are  reqxured  to  be  stamped  by 
the  Goldsmiths'  Company,  who  are  empowered  by  Government  to 
search  all  silversmiths'  shops,  and  seize  all  articles  which  have  not 
been  impressed  with  the  Hall  mark  of  the  Company.  For  the 
assay  of  the  articles,  and  the  impression  of  the  Company's  stamp 
attesting  its  quality  as  standard  silver,  one  shillmf  and  sixpence 
per  ounce  on  tne  weight  of  the  object  is  charged.  Of  this  amount 
the  larger  proportion  is  paid  over  to  the  Gt)vemment  in  the  form 
of  a  tao,  woilst  a  small  sum  is  retained  as  a  compensation  for 
the  trouble  incurred  in  making  the  assay.  In  xrance,  three 
different  standards  are  employed.  The  alloy  used  for  the  silver 
currency  of  the  country  is  composed  of  9  parts  of  silver  and  1  of 
copper;  for  plate,  a  mixture  of  di  parts  of  silver  to  i  a  part  of 
copper  is  employed,  whilst  for  small  articles  of  silver  used  for 
ornaments  an  alloy  of  8  parts  of  silver  to  2  of  copper  is  allowed. 

Silver  solder  consists  of  667  of  silver,  233  of  copper,  and  100 
parts  of  zinc.  Besides  being  used  for  the  manufacture  of  various 
objects  of  luxury,  silver  is  also  extensively  employed  for  externally 
plating  the  surfaces  of  articles  made  of  less  expensive  metals. 
Por  tUs  purpose  it  is  either  applied  to  the  surface  of  the  object  in 
the  form  of  an  amalgam  with  mercury,  which  latter  metal  is  after- 
wards expeUed  by  heat,  or  is  deposited  in  the  metallic  form  from 
its  solution  by  the  agency  of  a  feeble  electric  current. 
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GOLD. 

Equir.  =  98-33.    Density  =  19-3. 

Gold  is  possessed  of  a  characteristic  yellow  colour,  and  is  Ik 
most  malleable  of  all  the  metals.  One  grain  of  pure  gold  may  be 
beaten  into  a  leaf  having  a  superficies  of  56  square  inches,  and 
which,  from  this  measurement,  and  the  known  specific  ffravity  rf 
the  metal,  is  calculated  to  have  a  thickness  of  one  two-hunmed- 
thousandth  of  an  inch.  The  wire  used  by  lace  makers  is  dnn 
from  ingots  of  silver,  previously  ^ded ;  and  on  calculating  ti* 
length  and  circumference  of  the  wire  thus  prepared,  together  vitk 
►  the  weight  of  gold  originally  employed,  its  coating  of  that  metd 
is  found  to  be  at  least  twelve  times  thinner  than  ordinazy  gold- 
leaf ;  but  still,  so  perfect  is  the  gilding,  that  a  power&l  microsof^ 
fidls  to  detect  the  slightest  flaw  or  imperfection  on  its  sur&oe. 

When  in  extremely  thin  leaves,  gold  is,  to  a  certain  d^rec, 
transparent,  and,  on  being  held  between  the  observer  and  ^ 
light,  appears  of  a  beautifrd  green  colour.  When  large  quantities 
of  gold  nave  been  frised,  and  then  slowly  allowed  to  cool,  cubes 
more  or  less  modified  on  their  edges  and  angles  are  frequenth 
obtained.  Native  gold  likewise  affords  numerous  well-definea 
crystals  belonging  to  the  cubic  system,  and  of  these  the  greater 
number  are  affected  by  the  faces  of  the  regular  octahedron,  cr 
dodecahedron. 

It  fuses  at  a  temperature  estimated  by  Daniell  at  2016**  Fahr, 
and  when  still  more  strongly  heated,  affords  sensible  metals 
vapours.  If  the  charge  of  a  powerM  electric  battery  be  passed 
through  an  exceedingly  fine  gold  vnre,  it  becomes  entirely  dis- 
sipated ;  and  when  a  sheet  of  white  paper  is  held  beneath  it  at  tbe 
time  of  the  discharge,  it  becomes  stained  with  a  purple  line  caused 
by  a  deposit  of  minutely  divided  metallic  gold.  If,  instead  of  a 
sheet  of  white  paper,  a  plate  of  polished  silver  be  employed,  it  is 
traversed  by  a  brightly  gilded  line,  which  is  firmly  attached  to  its 
surface.  A  globme  of  gold,  when  exposed  between  two  charcoil 
electrodes  to  the  action  of  a  powerful  voltaic  battery,  enters  almofl^ 
immediately  into  fusion,  and  gives  off  abundant  metallic  fumes,  bf 
which  its  weight  is  rapidly  diminished. 

Digitized  by  LjOOQIC 


PBOFEBTIES  OF  GOLD.  557 

When  precipitated  from  its  solutions,  gold  assumes  a  dark- 
brown  colour,  out  on  being  rubbed  by  a  piece  of  polished  steel, 
or  other  hard  body,  readily  assumes  its  ordinary  colour  and  me- 
tallic aspect.  If  precipitated  gold  in  this  form  be  heated  to 
whiteness,  and  when  in  that  state  struck  repeatedly  with  a  heavy 
hammer,  its  particles  readily  become  welded  and  imited  into  a 
solid  mass  without  their  havmg  imdergone  actual  fusion. 

The  gold  used  in  the  manufacture  of  jewellery,  as  well  as  that 
employed  for  being  coined  into  money,  is  invariably  aUoyed  by 
some  other  metal,  such  as  copper  or  silver,  and  is  therefore  never 
absolutely  pure.  To  obtain  a  button  of  pure  gold  from  these 
mixtures,  a  few  fragments  of  old  jewellery  may  be  dissolved  in 
aqua  regia,  and  the  solution  gently  evaporated  to  dryness  for  the 
purpose  of  expelling  any  excess  of  acid.  The  residue  is  now 
treated  with  hot  water,  by  which  it  is  dissolved,  with  the  exception 
of  any  chloride  of  silver  which  may  be  present.  The  chloride  of 
silver  is  then  separated  by  filtration,  and  an  excess  of  protosul- 
phuret  of  iron  in  solution  added  to  the  filtrate,  which  is  placed  in 
a  warm  place,  and  allowed  to  stand  for  several  hours.  A  reaction 
is  thus  efiected,  by  which  metallic  gold  is  deposited,  whilst  the 
chlorine  with  which  it  was  originally  combined  unites  with  a  por- 
tion of  the  iron  of  the  protosulphate,  which  is  thereby  converted 
into  persulphate,  whilst  perchloride  of  iron  is  at  the  same  time 
formed.  The  precipitate  thus  obtained,  after  being  digested  for 
some  time  in  weak  hydrochloric  acid,  and  well  washed  in  distilled 
water,  is  mixed  witn  a  small  quantity  of  borax  and  nitre,  and 
finally  fused  in  an  earthen  cruciole  strongly  heated  in  an  assay 
furnace.  On  breaking  the  pot  after  it  has  been  allowed  to  cool, 
it  wiU,  if  the  experiment  has  been  carefully  conducted,  be  found 
to  contain  a  button  of  pure  gold.  Pure  gold  may  be  indefinitely 
exposed  to  the  action  of  ab  and  moisture  without  becoming  in  tne 
least  degree  tarnished,  nor  is  it  oxidised  by  being  kept  in  a  state 
of  fusion  in  open  vessels.  Neither  sulphxuric,  hydrochloric,  nor 
nitric  acids  attack  gold,  even  when  in  a  finely  divided  state ;  but 
by  aqua  regia  it  is  readily  attacked,  and  dissolved  in  the  form 
of  cmoride.  Gold  may  also  be  dissolved  by  hydrochloric  add, 
to  which  has  been  added  some  substance  capable  of  liberating 
chlorine  with  facility:  among  these  may  be  mentioned  chromic 
acid  and  peroxide  of  manganese. 

Bromine,  even  in  the  cold,  rapidly  attacks  this  metal,  although 
by  iodine  it  is  but  sparingly  acted  on,  even  by  the  aid  of  heat. 

Qold.  is  not  directly  attacked  by  sulphur  at  any  temperature ; 
but  when  fused  with  the  alkaline  sulphurets,  is  rapidly  acted  on 
with  the  formation  of  a  double  sulphuret,  in  which  the  sulphuret 
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of  gold  acts  the  part  of  an  acid.    Gtold  is  totally  unacted  on  bj 
the  caustic  alkalies,  as  well  as  by  their  carbonates  and  nitrates. 

SOITBOES  OF  GOLD. 

This  metal  is  found  exdusivelj  in  the  native  state,  but  is  seldom 
pure,  and  commonly  contains  a  certain  portion  of  silyer,  and  sofc 
unfrequently  copper  and  iron. 

Native  gold  generally  presents  the  characteristic  yellow  colour 
peculiar  to  this  body  when  in  a  state  of  purity,  but  its  TUktaii 
sur&ces  frequently  require  to  be  rubbed  with  some  hard  substana 
before  they  assume  the  ordinary  appearance  of  manufaetaied 
gold.  The  hardness  of  gold  is  less  than  that  of  iron,  coppeiv  or 
silver,  but  mater  than  tbit  of  either  lead  or  tin.  When  broken 
by  repeated  bendings,  it  presents  a  matted  silk-like  structoie, 
which  is  more  or  less  fine  m  accordance  with  the  purity  of  ti» 
specimen.  Native  gold  occurs  crystallised,  in  branches,  in  fib 
ments  and  plates,  traversing  the  fissures  of  different  kinds  of  rocki, 
in  disseminated  grains,  and  in  pepitoi  mixed  with,  and  forming  a 
part  of,  various  alluvial  deposits.  In  the  latter  form  by  &r  ti» 
greater  portion  of  this  metal  is  procured ;  but  as  these  sands  ue 
tibemselves  the  product  of  the  destruction  of  aurifeious  rocks,  1i» 
metal  which  they  contain  must  be  regarded  as  the  debris  resulting 
from  the  disintegration  of  the  matrix  in  which  it  was  onginall^ 
enclosed.  Crystalline  specimenB  are  likewise  numerous,  the  cube 
being  in  all  cases  the  primitive  form.  Crystals  seldom  oocor 
isolated,  but  are  more  fre<][uently  grouped  together  in  the  form  of 
irregular  branches.  Their  faces  are  genertuly  dull,  and  in  meet 
instances  slightly  rounded,  even  in  specimens  directly  extracted 
from  the  vein,  and  which,  consequently,  cannot  have  been  expoeed 
to  attrition. 

The  small  branches  of  gold  which  frequently  occur  in  auriferous 
rocks,  when  closely  examined  appear  to  consist  of  a  series  of 
minute  octahedrons,  implanted  the  one  on  the  other,  so  as  to  fimn 
a  sort  of  chain. 

The  grains  and  fragments  found  in  alluvial  deposits  vary  cod- 
siderably  in  size,  but  are  generaUy  very  smalL 

When  of  the  size  of  a  pea  and  upwards,  they  receive  the  name 
of  pepitas ;  and  in  some  localities  pieces  of  the  size  of  a  nut  are 
not  of  unfrequent  occurrence. 

Among  the  most  remarkable  masses  of  gold  which  have  been 
found  may  be  dted  the  following : — 

The  largest  mass  found  in  the  United  States  was  discovered  in 
Cabarras  County,  I^orth  Carolina,  and  weighed  37  lbs.  troy.    In 
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Paraguay,  masses  of  gold  varying  from  1  to  60  lbs.  in  weight  were 
Bome  years  since  obtained  at  the  foot  of  one  of  the  highest  moun- 
tains. Various  lumps  varying  from  16  to  17  lbs.,  and  one  weighing 
27  lbs.,  have  been  found  in  the  Ural  district ;  and  in  the  valley 
Taschku-Targanka  a  fragment  was  detached  in  1842  which  weighed 
very  nearly  100  lbs.  This  specimen  has  been  deposited  in  the 
Miiseum  of  Mining  Engineers  at  St.  Petersburg. 

Some  very  fine  specimens  of  native  gold  have  likewise  beeu 
obtained  from  various  parts  of  Califomia ;  and  a  large  mass,  weigh- 
ing nearly  one  hundred  weight,  has  recently  been  procured  from 
the  Bathurst  diggings,  in  the  vicinity  of  Sydney,  New  South 
Wales. 

The  composition  of  various  specimens  of  gold,  as  obtained  from 
different  localities,  is  given  in  tne  following  table : — 


Locality. 

Gold. 

SUver. 

Copper. 

Iron. 

a.  Bose    .     . 

BooMmgralt  . 
B'Awet    .     . 

IBVom  the  suriferous^ 

sands  of  Schabrow- ' 

Bki       .     .     .          .) 

From  the  sands  of") 

near  B<^08low8k  .} 

From  the  mines  of  t 

Beresof  .    .    .    .) 

drqewsknr.Hiaskj 
From  the   mine   of ) 
^    Sinarowski,  Altari  j 

'FVom   the   mine  of ) 

fianta-Bosa  .    .    .  j 

<  From  Transylvania 

GhOdfromOias-Anohas 

„       Bio-Socdo     . 

„       Baja   .    .    . 

{    :  »:: 

98-76 

86-81 

93-78 
87-40 
60K)6 

64-98 

64-62 
84-60 
87-94 
88-16 
86-97 
94-00 

0-16 

1819 

6-94 
12-07 
88^88 

86-07 

86-48 
16-60 
12-06 
11-86 
10-68 
6*86 

0-86 

0-80 

0H» 
0O9 
083 

0-06 
0-24 

In  the  Gongo  Soco  mines  in  Brazil,  an  alloy  of  gold  and  palla- 
dium of  a  pale  yellow  colour  is  sometimes  found ;  and  in  some 
parts  of  Columbia  a  somewhat  similar  mixture  is  procured  in 
which  the  palladium  is  replaced  by  rhodium.  The  greater  portion 
of  the  gold  of  commerce  is  obtamed  from  Asiatic  Kussia,  Brasil, 
Africa,  Transylvania,  the  East  Indies,  and  Carolina  and  Califomia 
in  the  United  States  of  America.  The  annual  supply  procured 
from  these  several  sources  is  estimated  at  about  80,000  lbs.,  havinfi" 
a  value  of  about  five  millions  sterling.    This  amount  wiU,  iu  aU 
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probability,  be  considerably  increased  by  the  more  recent  discoTor 
of  extensive  auriferous  deposits  in  Australia. 

The  chief  sources  of  this  valuable  metal  are  the  deposits  of  sani 
and  gravel  produced  by  the  disintegration  of  siliceous,  gr&mti& 
and  other  igneous  and  metamorphic  rocks,  which  have  beentrar* 
ported  by  the  agency  of  water  fix>m  districts  in  which  gold  s 
disseminated.  In  addition  to  the  supply  afforded  by  the  wasbiof 
of  these  sands,  a  certain  quantity,  amoiinting  to  about  ose- 
sixth  of  the  total  annual  production,  is  obtained  Som  minerals,  ii 
which  it  occurs  in  the  form  of  minute  spangles,  disseminated  a 
a  matrix  of  quartz  found  in  the  form  of  veins  in  schistose  rocb. 
In  these  cases  the  quartz  is  generally  more  or  less  porous,  ao^ 
almost  invariably  stained  of  a  brown  rusty  colour  from  the  p 
sence  of  peroxide  of  iron.  The  working  of  such  veins  has,  hsf' 
ever,  seldom  been  attended  with  such  satis&ctory  results  as  baft 
been  obtained  from  alluvial  washings, — as  the  labour  of  extractks 
is  not  only  considerably  greater,  but,  from  the  difference  of  deffiity 
existing  between  the  particles  of  gold  and  those  of  disintegratn 
rock,  these  sands  are  continually  becoming  enriched  by  the  acbe 
of  water  flowing  continually  over  them.  In  Brazil,  the  minfs  d 
Gongo  Soco  and  some  others  have  been,  however,  extensi^ 
worked  on  veins ;  but,  from  the  heavy  expenses  entailed  bj  tli 
method  of  exploration,  and  from  the  circumstance  that  the  maai 
obtained  is  but  little  richer  than  the  alluvial  sands,  these  usda" 
takings  are  seldom  extensively  conducted. 

The  gold  mines  of  Eussia  and  Siberia  extend  first  on  the  eastai 
flank  of  the  Ural,  in  a  belt  extending  through  five  or  six  de^ 
of  latitude  to  the  north  and  south  of  the  to^^-n  of  Ekatharinebuis 
There  is  likewise  a  second  deposit  of  a  similar  nature  in  ^ 
governments  of  Tomsk  and  Yeneseik,  where  low  hills  esiei 
northward  from  the  great  chain  of  the  Altai  mountains,  aoi 
cover  a  space  of  many  thousand  square  miles. 

The  most  celebrated  mines  of  the  first-named  district  are  tbo* 
of  Berezovsk,  which  yielded  during  the  century  previous  to  tk 
year  1841  about  24,500  lbs.  of  gold,  which  was  extracted  fr« 
something  less  than  a  million  of  tons  of  auriferous  mineral.  11^ 
matrix  usually  consists  of  coarse  siliceous  sand,  but  nu]nen<0 
veins  containing  auriferous  quartz  are  abo  actively  wrou^ 
These  veins  are  worked  by  vertical  shafts,  from  which  gallwifs 
are  extended  in  the  direction  of  the  run  of  the  lodes:  this  i& 
however,  the  only  instance  which  occurs  in  the  whole  Bussk 
territoiT  where  subterranean  workings  are  resorted  to  for  tk 
extraction  of  gold.  The  annual  supply  of  gold  furnished  ^ 
EuBsia  and  her  dependencies  is  estimated  at  nearly  40,(X)Olbi 
weight,  and  is  valued  at  two  and  a  half  millions  sterling. 
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Of  next  greatest  importance  to  the  mines  of  the  foregoing  dis- 
tricts are  those  of  Brazil,  which  are  mostly  situated  at  the  foot  of 
the  great  mountain  chain  running  parallel  to  the  coast  from  the 
fifth  to  the  thirtieth  decree  of  South  latitude.  It  also  occurs  in 
greater  or  less  quantities  in  the  beds  of  the  streams  forming  the 
upper  branches  of  the  Francesco,  Tocantins,  Araguay,  and  Quapore, 
but  more  particularly  in  the  first.  The  rock  in  these  localities 
consists  of  primitiye  granite  inclining  to  gneiss,  and  the  soil, 
which,  from  oeing  higUy  ferruginous,  is  of  a  red  colour,  often  ex- 
tends to  a  great  depth.  The  gold  is  chiefly  found  in  a  bed  of 
gravel  and  rounded  pebbles,  called  cascalhoj  immediately  in  con- 
tact with  the  Bur&ce  of  the  solid  rock. 

Whereyer  water  is  found  in  the  valleys,  large  excavations  are 
made  for  the  purpose  of  washing  these  deposits ;  and  by  conducting 
a  rivulet  to  the  declivities  of  many  of  the  hills,  gold  is  frequently 
collected  from  a  short  distance  only  beneath  the  roots  of  the  ^ass. 
The  most  recent  washings  are  established  in  the  vicinity  of 
Villa  Brica,  near  the  village  of  Cocaes,  where  the  gold  occurs  either 
mingled  with  the  sands  of  the  rivers,  or  in  the  alluvial  deposits 
lying  in  valleys  between  elevated  hills.  Gold  is  also  procured  in 
tne  province  of  Minas  Geraes,  where  it  is  extracted  both  by  sub- 
terranean excavations  and  by  the  washing  of  alluvial  deposits. 

The  greatest  quantity  of  gold  found  in  these  localities  was 
obtained  between  the  years  1753  and  1768,  since  which  time  the 
annual  produce  has  been  continually  on  the  decrease.  Between 
these  periods  the  yearly  product  amounted  to  16,000  lbs.,  but 
between  the  years  1801  and  1820  was  reduced  to  8,540  lbs.  only. 
Gold  is  likewise  found  in  manv  other  parts  of  South  America ; 
but  that  of  Mexico  and  some  other  districts  is  constantly  asso- 
ciated with  silver.  The  only  aurifbrous  veins  worked  m  that 
country,  as  ^Id  mines,  are  in  Oaxaco,  where  they  traverse  forma- 
tions of  gneiss  and  mica-slate. 

The  gold  obtained  from  Africa  is  principally  found  between 
Darfiir  and  Abyssinia,  as  also  to  the  south  of  the  great  desert 
from  the  mouth  of  the  river  Senegal  to  the  Cape  of  Palms :  a 
certain  amount  is  also  collected  on  ^e  Mozambique  coast,  between 
latitudes  22^  and  25**  South.  Gold  is  likewise  obtained  from  the 
sands  of  the  Niger,  the  Gtunbia,  and  the  Senegal,  as  well  as  from 
the  gold  coast  near  the  equator,  frdm  which  large  quantities  of  this 
metal  are  annually  exported.  The  total  ^eany  supply  from  this 
continent  is  estimated  at  50001bs.  avourdupois,  worth  about 
£300,000  sterling. 

The  gold  obtained  from  Europe,  with  the  exception  of  European 
Sussia,  ia  too  small  in  quantity  to  materially  afi'ect  its  commercial 
value.     The  most  important  oi^  these  deposits  are  in  Transylvania^ 
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althougb  the  sands  of  the  Moldau  and  other  Bohemian  lircrs  al» 
contain  a  certain  quantity  of  this  metal.  The  anniuil  supj^j  froe 
Hungary,  according  to  Yillefosse,  amounts  to  2,8101b3.  wei<i^ 
worth  i^l76,000  sterling.  The  yallej  of  the  Bhine,  between  Ba^ 
and  Mannheim,  is  also  known  to  be  auriferous  ;  and,  aocardmg  to 
M.  Daubree,  a  French  engineer,  some  of  the  richest  zones  wotM 
admit  of  being  profitably  treated. 

The  Spanish  mines,  which  were  andentlj  rich  and  actiTdr 
carried  on,  are  now  neglected,  as  are  also  those  of  the  Tagua,  tk 
Bhone,  and  the  Danube.  The  British  islands  also  inmiah  frna 
time  to  time  small  quantities  of  gold,  although  seldom  in  suJffideBt 
amount  to  be  equivalent  to  the  cost  of  extraction.  The  principil 
localities  in  which  gold  has  been  found  in  Great  Britam  are  id 
Ireland  and  South  w  ales,  although  specimens  are  occasionslb 
obtained  from  the  Cornish  stream-works,  and  from  the  disMct  of 
Lead-hills  in  Scotland,  where,  in  the  time  of  Elizabeth,  extenihv 
washings  were  carried  on  for  its  extraction.  Gold  likewise  oecon 
at  Cumberhead  in  Lanarkshire,  and  Glen  Turret  in  Perthshire. 
The  quantities  obtained  from  the  aboye  localities  are,  however. 
extremely  small ;  and,  notwithstanding^  that  small  aoeumulatiow 
and  occasional  lumps  have  sometimes  been  discovered,  no  word- 
ings of  a  regular  kind,  and  on  an  extensiye  scale,  hare  been  at- 
tempted, excepting  in  Ireland. 

In  that  country  a  considerable  quantity  of  native  gold  was  aoo- 
dentally  discovered  towards  the  close  of  ihe  last  century,  dis- 
seminated in  the  beds  of  the  streams  which  flow  from  the  northera 
flank  of  Oroghan  Kinshela,  on  the  confines  of  Wicklow  and  Wex- 
ford, and  in  uie  immediate  vicinity  of  the  junction  of  the  granite 
and  clay-slate.  This  gold  was  found  in  massive  lumps,  one  of 
which  weighed  nine,  another  eighteen,  and  a  third  twenty-two 
ounces.  Soon  after  the  discovery  of  this  gold,  its  extraction  was 
undertaken  by  the  Gt)vemment,  under  the  management  of  Mr. 
Weaver,  and  some  other  gentlemen.  These  workings  were  con- 
tinued during  about  two  years,  and  in  this  time  dSs  ounces  of 
gold  were  obtained,  which  was  sold  for  £3675,  but  the  cost  of 
production  exceeding  the  return,  the  Government  works  were 
suspended,  and  have  not  since  been  resiuned.  Before,  howe^-er, 
the  district  was  taken  possession  of  by  the  GK>vemment,  a  quantitv 
of  gold  of  the  value  of  at  least  £10,000  is  said  to  have  been  oJ- 
lected  by  the  country-people  living  in  the  vicinity  of  the  deposit 

In  addition  to  the  supply  of  gold  obtained  from  the  plama  of 
Siberia^  Asia  has  also  contributed  considerable  quantities  of  this 
metal  from  the  rivers  of  Syria  and  other  parts  of  Asia  Minor,  as 
well  as  from  the  peninsuUtr  of  Hindostan,  and  various  islands  io 
tbe  Indian  Ocean. 
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The  gold  mines  of  the  United  States  of  America  are  chiefly 
situated  alon^  the  eastern  slope  of  the  Appalachian  Chain,  from 
Maine  to  Alabama,  from  whence  the  deposit,  although  chiefly  con- 
fined to  the  States  of  Yirginia,  North  and  South  Carolina,  and 
Georgia,  extends  into  Canada.  Among  the  principal  gold  mines 
of  Virginia,  may  be  mentioned  those  of  Spotsylyania  on  the  £ap- 
pahannock,  the  United  States  Mines,  and  tnose  in  Stafford  County ; 
the  Culpepper  mines  on  Itapidan  river,  in  Orange  County,  in 
Goochland  County,  in  Louisa  County,  and  Eldridge's  mine  in 
Buckingham  County.  In  North  Carolina  the  gold  region  is  chiefly 
confined  to  the  three  ranges  of  counties  between  iirederick  and 
Charlotte,  running  in  a  line  nearly  parallel  with  the  coast.  The 
Mecklenburgh  mines  are  principally  worked  on  veins,  whilst  those 
of  Burke,  Lincoln,  and  Butheriord,  are  worked  on  alluvial  depo- 
sits. The  principal  gold  districts  in  South  Carolina  are  the 
Catawba  and  Lynch's  Creek  regions,  chiefly  in  Lancaster  and  in 
Picken's  County,  adjoining  the  State  of  Georgia.  The  most 
remarkable  mines  in  Georgia  are  those  of  Shelton  in  Habersham 
County,  but  some  recent  operations  have  been  also  commenced  in 
Cherokee,  Hall  and  Babun  Counties. 

The  gold  district  of  California,  as  far  as  at  present  known, 
occupies  the  northern  part  of  New  California,  commencing  near 
the  mouth  of  the  Sacramento  river,  in  Lit.  39°  North,  and  long. 
122 1  West,  about  100  miles  to  the  north-east  of  the  bay  and  town 
of  San  Francisco.  The  alluvial  deposits  in  which  the  gold  is 
found  consists  of  sand  apparently  produced  by  the  disintegration 
of  quartoze  granite,  and  porphyroid  rocks,  but  of  the  geological 
structure  of  the  country  little  is  yet  accurately  known.  Col. 
Fremont  describes  the  valley  of  the  Sacramento  as  taking  its 
origin  in  several  parts  of  the  Sierra  Nevada,  and  in  the  transverse 
range  proceeding  from  the  coast  at  Cape  Mendocino.  Several  of 
these  affluents,  and  particularly  that  called  the  Bio  de  los  Ameri- 
canos, which  falls  mto  the  main  river  in  the  vicinity  of  San 
Francisco,  have  been  found  particularly  productive.  At  a  distance 
of  about  twenty-five  miles  up  this  stream  are  situated  the  Mormon 
Diggings,  or  Lower  Mines,  where  successful  and  very  extensive 
washings  are  being  carried  on.  Five-and-twenty  miles  north  of 
the  Bio  de  los  Americanos,  the  stream  called  Bio  de  los  Plumas 
falls  into  the  Sacramento,  and  here  also  are  established  diggings 
at  which  very  large  profits  have  been  realized.  Besides  these 
localities,  the  whole  of  the  affluents  of  the  Sacramento  have 
afforded  gold  wherever  they  have  been  explored,  and  the  whole  of 
the  country  firom  the  Ajuba  to  the  San  Joaquin  rivers,  a  distance 
of  120  miles,  and  from  tne  base  towards  the  summit  of  the  mcun- 
taioB  as  far  as  Suow  Hill,  have  been  proved  to  be  auriferous.  , 
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From  the  great  difference  of  density  existing  between  the  w- 
tides  of  gold,  and  the  siliceous  and  ferruginous  gravel  with  whki 
it  is  associated,  its  separation  from  these  bodies  becomes  an  d- 
tremelj  simple  operation.  The  methods  practicallj  employed  fa 
the  purpose  of  effecting  this  object,  vary  both  with  the  localities  k 
which  the  operation  is  carried  on,  and  also  in  accordance  with  Hbe 
nature  and  composition  of  the  mineral  operated  oil.  In  SodA 
America,  where  hand- washing  is  extensivelj  practised,  the  instzih 

ment  employed  is  a  small  iroe 
or  zinc  pan,  fig.  213,  froe 
which  the  lighter  and  stoi^ 
matters  are  carried  off  by  soar 
pension  in  water:  tbe  resi- 
duum thus  obtained  cantam 
218.  the  greater  part  of  the  goU, 

which  is  subsequently  separated  by  amalgamation.  In  Hung^, 
in  nlace  of  the  pans  above  described,  the  washing  is  conducted  e 
inclined  tables,  traversed  by  a  number  of  transverse  grooves. 
The  inclination  of  these  tables  is  varied  in  accordance  with  tk 
nature  of  the  mineral  treated,  and  the  sand  to  be  washed  is  placed 
in  the  first  groove  of  the  series,  and  then  exposed  to  a  current  cf 
water  until  the  gold,  together  with  a  small  portion  of  the  sand, 
has  collected  towards  the  lowest  furrow.  The  matrix  is  ncv 
removed  into  flat  wooden  basins,  where  the  whole  of  the  atonj 
impurities  are  separated  by  a  careful  washing. 

In  Brazil,  the  method  of  proceedinc;  anciently  employed  was  te 
open  a  square  pit  in  the  soil  until  the  cascalho  or  aurifeioiB 
stratum  was  attamed,  when  this  was  broken  up  with  pickaxes  aad 
placed  in  a  wooden  vessel,  narrower  at  the  bottom  than  at  the  top. 
These  cases  were  exposed  to  a  stream  of  running  water,  and 
briskly  shaken  from  side  to  side  imtil  the  whole  of  tne  earth  ws 
washed  away,  and  the  metallic  particles  alone  remained.  All  these 
workings  were  situated  either  in  the  dried  up  beds  of  rivers,  or  in 
the  table  lands  over  which  a  stream  of  water  had  at  some  farmer 
period  flowed.  At  the  present  time,  instead  of  opening  the  ground 
by  manual  labour,  and  after^-ards  carrying  the  auriferous  gravel  to 
a  stream  for  the  purpose  of  being  washed,  the  wafcer  is  conducted 
directly  to  the  mining  mund,  and  by  thus  washing  awaj  the 
mould,  and  exposing  without  the  trouble  of  transport  the  cascalho 
to  the  action  of  a  stream  of  water,  a  great  economy  of  labour  is 
effected. 
Eiver  mining,  from  the  simplicity  of  the  operations  required,  is 
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the  most  easily  and  readily  performed,  and  consequently  by  far 
the  greater  proportion  of  the  streams  which  are  known  to  be  auri- 
ferous are  wrought  in  some  part  of  their  courses.  The  auriferous 
veins  which  trayerse  some  of  the  mountain  districts,  although 
occasionally  affording  much  larger  quantities  of  the  precious  metal, 
require  the  expenditure  of  a  greater  amount  of  both  labour  and 
capital,  and,  therefore,  much  fewer  mines  of  this  description  are 
undertaken.  When  worked,  however,  these  yeins  are  not  often 
laid  bare  by  subterranean  excavations,  but  are  explored  by  open 
cuttings  made  by  clearing  away  the  soil  directly  from  the  surface. 
The  washings  of  this  kind  in  the  vicinity  of  St.  John  del  Bey 
were  formeny  very  rich,  but  have  recently  diminished  very  consi- 
derably in  importance.  The  principal  dig^;in^  in  this  locality  is 
now  situated  on  the  eastern  side  of  the  mil,  in  immediate  proxi- 
mity to  the  town,  and  consists  of  an  open  area,  of  which  three  sides 
have  been  excavated  in  the  solid  rock,  whilst  the  fourth,  which 
fironts  the  west,  is  left  open.  The  rock  here  consists  of  a  soft 
sandstone,  or  indurated  clay,  mixed  with  mica,  and  is  wrought  by 
the  aid  of  numerous  streams  of  water  divided  into  small  nvulets, 
and  conducted  down  its  sloping  sides.  In  working  the  mine 
the  loosened  soil  is  thrown  into  these  channels,  and  kept  in 
suspension  by  constant  agitation,  until  it  reaches  a  well  simk  at 
the  bottom  of  the  excavation,  and  where  the  heavier  and  auri- 
ferous particles  are  carried  by  the  current.  This  pit  is  occasion- 
ally emptied,  and  its  contents  again  subjected  to  a  second  series  of 
washings,  by  which  the  particles  of  gold  are  finally  obtained  in  a 
pure  state.  By  this  way  of  mining,  lar^e  masses  of  gold  or 
taldeiroM  are  occasionally  met  with,  but  in  most  instances  the 
chief  supply  is  derived  from  the  smaller  particles  obtained  by  the 
repeatea  washings  of  the  sands  collected  in  reservoirs  situated  at 
the  bottom  of  the  excavations. 

In  the  district  of  Lower  Parahybuna,  large  quantities  of  auri- 
ferous sand  are  annually  dredged  from  the  bottom  of  the  river  by 
means  of  windlasses  and  iron  scoops.    The  sands  thus  obtained 
are  transported  in  canoes  cut  out  of  a  solid  log  of  wood,  and 
externally  formed  like  a  butcher's  tray,  whilst  they  internally 
represent  a  three-sided  prism,  of  which  one  of  the  acute  edg^ 
forms  the  line  of  the  bottom.    To  each  of  these  canoes  is  allotted 
a  gang  of  four  blacks,  three  of  whom  superintend  the  boat  and 
dredge,  whilst  the  fourth  is  on  the  platform  ready  to  receive  the 
sand  brought  up  by  the  iron  scoop.    Each  of  these  boats  will 
sometimes  collect  three  quarters  of  an  ounce  of  gold  in  the  course 
of  a  day,  but  the  quantity  obtained  is  extremely  small  in  propor- 
tion to  the  amount  of  sand  which  has  to  be  washed.    In  the  neigli- 
bourhood  of  Villa  Bica,  once  remarkable  for  its  richness  in  tma 
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metal,  but  at  present  comparatiTelj  impoverished,  various  methodi 
of  extraction  are  adopted;  not  only  the  auriferous  sands  are 
subjected  to  careful  washing,  but  numerous  drafts  and  levels  ban 
been  extended  into  the  softer  parts  of  the  mountain.  Both  theae 
excavations  and  the  river  washing  are  entirely  conducted  h^ 
negroes,  of  whom  numbers  are  always  to  be  seen  thus  em^oyed  is 
the  Oiro  Preto  and  Do  Carmo.  These  gold-washers  are  ead 
dressed  in  a  leathern  jacket,  and  are  furnished  with  a  large  woodes 
bowl,  of  about  two  feet  in  diameter,  and  one  foot  in  depth,  and 
have  a  leathern  bag  tied  before  them  for  the  reception  of^the  pa^ 
tides  of  gold  dust  which  they  may  collect.  The  localities  genenlh 
chosen  for  these  washings  are  those  parts  of  the  river  vrhere  the 
current  is  not  rapid,  and  where  it  makes  numerous  bends,  anj 
forms  deep  holes.  The  large  stones  and  upper  layers  of  sand  aic 
first  removed,  and  the  bowl  is  then  filled  with  the  deeper  and 
older  gravel  of  the  river,  which  is  shaken  and  washed,  and  tiie 
stones  and  sand  on  the  top  scraped  off,  until  the  grains  of  goU 
alone  remain  at  the  bottom  of  the  vessel.  This  residue  is  nav 
moistened  by  a  little  water  thrown  on  by  the  hand,  and  washed 
into  the  leatnem  bag  before  described.  Instead  of  operating  s 
this  way,  the  auriferous  sands  are  sometimes  washed  inkiiig 
shallow  troughs,  the  bottoms  of  which  are  covered  with  skias 
tanned  with  the  hair  on,  and  of  which  the  hairy  side  is  placed 
upwards.  Instead  of  employing  skins  for  this  purpose,  coarse 
baize  is  sometimes  used ;  out  in  either  case  the  moveable  limsf 
is  at  short  intervals  removed  from  the  case,  and  beaten  over 
a  tank  containing  about  two  feet  of  water,  and  afterwards  washed 
in  it  until  all  the  adhering  gold  is  disentangled,  after  which  ihiej 
are  again  replaced  in  the  troughs.  To  prevent  theft,  these  tanks 
are  carefully  locked  up  during  the  night,  and  when  thev  hare 
become  full  their  cont^ts  are  cautiously  washed  in  hand-bovli 
until  nothing  but  the  gold  remains,  mixed  with  a  greater  or  lesi 
amount  of  peroxide  of  iron. 

The  residue,  whilst  in  a  damp  state,  is  now  intimatelj  mixed  witli 
a  small  quantity  of  metallic  mercury,  which  takes  up  the  partidei 
of  gold,  and  leaves  the  oxide  of  iron  in  an  uncombined  state.  The 
pasty  amalgam,  after  being  separated  from  the  oxide  of  iron,  isnov 
careftdlv  folded  in  a  closely-wove  cloth,  and  wrung  until  about 
one-half  of  the  quicksilver  originally  added  has  be^i  separated  in  a 
free  state.  What  remains  is  afterwards  put  into  a  small  metallic 
dish,  and  covered  by  a  few  green  leaves,  and  then  placed  over  a 
charcoal  fire,  where  it  is  stirred  with  an  iron  rod.  When  the 
leaves  have  become  much  parched,  they  are  replaced  by  a  suc- 
cession of  fresh  ones,  and  from  these,  at  the  dose  of  the  operatian, 
a  considerable  quantity  of  condensed  mercury  is  obtained.    The 
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gold,  of  a  dirty  brown  colour,  and  ptill  containing  a  certain  propor^ 
tion  of  mercury,  remains  at  the  bottom  of  the  dish. 

In  the  Unu  districts,  the  auriferous  sands  are  thrown  into 
boxes,  of  which  the  bottoms  are  composed  of  thin  sheet-iron 
pierced  with  numerous  holes :  these  are  placed  immediately  under 
a  fall  of  water,  and  the  mineral  kept  constantly  agitated  by  a 
workman,  who  stirs  it  with  a  shoveL  By  this  treatment,  the 
finer  particles  are  carried  through  the  apertures  in  the  bottom  of 
the  boxes,  and  fall  on  a  series  of  sloping  tables  covered  with  baize. 
On  these  tables  the  workmen  constantly  brush  the  mineral,  towards 
the  head  of  the  arrangement,  with  a  small  heath-broom,  where  the 
particles  of  sold,  together  with  the  other  heavy  substances 
present,  are  deposited.  The  sand,  after  having  been  thus  con- 
centrated and  separated  from  the  lighter  impurities,  is  further 
enriched  by  being  a  second  time  washed  on  sloping  tables  of 
emaller  dimensions.  The  titaniferous  iron,  together  with  the 
magnetic  oxide  of  that  metal  which  is  invariably  present  in  these 
sands,  is  now  separated  by  the  aid  of  a  powerful  magnetic  bar,  and 
the  residue  subsequently  fused  in  a  graphite  crucible.  From  its 
greater  density,  the  liquid  gold  collects  at  the  bottom,  whilst  its 
surface  is  covered  by  a  more  or  less  fluid  slag,  winch  retains 
numerous  globules  of  metallic  gold.  This  scoria  is  afterwards 
stamped  and  washed,  and  the  rich  slimes  thus  obtained  are  after- 
wards fused  in  a  cupola  with  lead  ores,  by  which  an  auriferous  lead 
is  obtained,  which  is  subsequently  tr^ted  by  cupellation. 

The  mining  operations  hitherto  carried  on  in  Califomia  have 
been  mostly  conducted  on  a  very  rude  acale ;  but  the  various  asso- 
ciations which  have  recently  been  formed  for  the  exploration  of 
these  districts  will  doubtless  be  provided  with  all  the  tools  and 
apparatus  employed  in  the  best  appointed  establishments.  The 
vessels  at  first  made  use  of  for  the  purpose  of  washing  were  either 
tin  pans  or  dosely-wove  Indian  baskets,  although  a  rude  machine, 
known  by  the  name  of  a  cradle,  was  also  extensively  used.  This 
consists  of  a  trough,  six  or  eight  feet  in  length,  with  a  rounded 
bottom,  across  which  two  pieces  of  wood,  serving  as  rockers,  are 
nailed.  At  the  head  of  this  arrangement  is  placed  a  coarse  grate, 
on  which  the  sand  to  be  washed  is  charged,  and  thereby  separated 
from  the  coarser  particles,  which  are  retained  on  the  meshes.  To 
work  this  machine  four  men  are  required :  one  breaks  the  ground 
and  collects  the  auriferous  sand,  another  carries  it  to  the  washing 
place  and  deposits  it  on  the  grating,  a  third  violently  rocks  the 
trough,  whilst  the  fourth  attends  to  the  supply  of  water,  and  the 
regvJar  washing  of  the  ore.  The  coarser  gravel  and  large  stones 
are  preventedfrom  entering  the  trough  by  the  grating  at  the  head ; 
the  earthy  matters  are  washed  off  by  the  current  of  water  escaping 
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by  the  lower  end,  which  is  1^  open  for  that  jWirpoee,whibfefliegJt 
mixed  with  a  smaU  quantity  or  femiginonB  earth,  ooUecta  OQtfae 
higher  part  of  the  trough,  which  has  an  inclination  of  about  Ufa 
inches  in  its  whole  length. 

At  this  stage  of  the  operation,  the  gold,  mixed  with  the  £m- 
ffinous  particles,  is  drawn  off  through  an  aperture  nuid^  in  tk 
bottom  mto  a  pan  placed  below,  and  after  havinfi;  been  dried  in  tbr 
sun  the  lighter  portions  are  removed  by  strongly  blowing  on  ti» 
mixture.  In  spite,  however,  of  these  very  rude  contrivance^ 
a  company  of  four  men  thus  employed  in  the  Califixnia 
diggings,  have  not  unfrequently  realized  a  profit  of  a  hundred  do^ 
lars  per  diem. 

The  machinery  recently  put  up,  and  at  present  in  ooniBeof 
erection  by  the  several  companies  by  whom  gold-mining  in  Cilh 
fomia  has  been  undertaken,  includes  crushing-n^ersy  stamping- 
mills,  jigging  machines,  sleeping  tables,  and  all  the  other  appm^ 
tenances  of  regular  metallurgic  estaUishments,  and  oonaequesitl; 
results  stiU  more  satisfactory  than  those  already  obtaixned  may  bt 
confidently  anticipated. 

When  gold  exists  in  veins  which  at  the  same  time  prodoceodMr 
metals,  such  as  silver,  lead,  or  copper,  the  ore  is  at  once  treated  f<r 
these  metals,  with  wUch  the  gold  combines  to  form  aa  alloy,  aoi 
from  which  it  is  afterwards  readily  separated.  If^  in  addition  'a 
gold,  the  mineral  also  contains  lead,  auriferous  metallic  lead  ii 
obtained ;  this  is  subsequently  treated  for  the  precioos  metal  by 
cupellation.  When  copper  ores  contain  gold,  either  the  bbck 
copper  obtained  by   its  metallurgic  treatoient  is  subjected  to 


214. 


liquation,  or  the  matts  }HY>duced  by  its  direct  fusion  are  made  to 
undergo  a  process  of  amalgamation.    The  separation  of  the  goU 
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and  silver  Ib  afterwards  effected  by  a  process  oaHeA  paritJtffy  whidi 
will  shortly  be  described. 

In  the  Tyrol,  where  small  quantities  of  gold  are  extracted  hj 
amalgamation  from  an  auriferoos  iron  pyrites,  the  operation  is 
conducted  in  a  kind  of  mill,  of  which  fig.  214  is  a  representation. 
A  numter  of  these  machines  are  so  arranged  one  abore  another 
that  the  products  escaping  from  the  first  may  flow  into  the  second, 
and  so  on  throughout  the  whole  length  of  the  series.  The  pyrites 
to  be  treated  is  first  reduced  by  stonping  mills  to  the  state  of 
fine  powder,  and  whilst  held  in  suspension  by  a  stream  of  water  is 
conducted  into  the  upper  mill  by  the  spout,  s,  and  fiowing  through 
it  passes  by  the  pipe,  s^  into  the  second,  from  which  it  is  subse- 
quently conducted  into  other  mills,  not  shown  in  the  woodcut. 
The  fixed  part  of  these  mills  consists  of  acastiron  capsule,  abcd^ 
fitftened  by  screws  to  the  top  of  a  strong  wooden  table,  a.  The 
centre  of  this  casting  is  furnished  with  a  tubulature  traversed  bv 
the  rotating  axis,  x  ^,  and  set  in  motion  by  the  toothed  wheel, 
w  u/.  The  upper  and  moveable  part  of  the  arrangement, //^ 
(shown  in  section  in  the  ri^ht  hand  ngure,)  is  compoi^  of  hard 
wood,  and  fixed  to  the  upnght  spindle  by  the  iron  collar,  g  /. 
This  moveable  part  of  the  mill  has  externally  the  same  form  as  the 
internal  cavitr^  of  the  fixed  iron  casting,  from  the  surfaces  of  which 
it  works,  at  the  distance  of  about  half  an  inch ;  it  is  also  furnished 
with  several  raised  ribs  nailed  to  its  under  side,  and  which  come 
almost  in  contact  with  the  bottom  of  the  iron  pan. 

The  upper  surface  of  this  wooden  muller  is  hollowed  out  in 
the  form  of  a  funnel,  into  which  is  conducted  the  liquid  slime, 
which  quickly  penetrates  into  the  space  remaining  between  the 
two  surfaces  of  the*upper  and  lower  parts,  and  then  fiows  over  the 
sides  of  the  basin  by  the  spout  placed  there  for  that  purpose.  On 
the  bottom  of  the  iron  pan  is  pkced  about  half  a  hundred  weight 
of  mercury,  which  forms  a  stratum  of  rather  more  than  half  an 
inch  in  thickness,  and  with  which,  when  the  machine  is  set  in 
motion,  the  pounded  mineral  is  constantly  agitated  by  the  projec- 
-    -  -   -  The 


tions  nailed  to  the  bottom  of  the  revolving  block  of  wood.  The 
spangles  of  gold  are  thus  instantly  dissolved  the  moment  they 
come  in  contoct  with  the  mercury,  whilst  those  which  escape  com* 
bination  in  the  first  amalgamation  are  arrested  by  the  others 
following  in  the  same  series.  After  this  apparatus  has  been  at 
work  during  four  or  five  consecutive  weeks,  the  mercury  is  drawn 
off  and  filtered  through  a  piece  of  chamois  skin,  for  the  purpose  of 
obtaining  the  solid  amalgam.  This  usuaUy  contains  about  one- 
third  of  its  weight  of  pure  gold,  which  is  obtained  by  a  process  of 
distillation,  by  which  the  quicksilver  is  eliminated,  and  the  gold 
remains  bdiind  in  a  state  of  minute  division. 
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ESTIMATION  OF  GOLD — ASSAY  OF  ATTBEFEEOUS  OBXS. 

EstlmatloH. — For  analytical  purposes,  gold  is  invariablj  eeti- 
mated  in  the  metallic  state,  in  which  form  it  is  firequentlj  preo- 
pitated  from  its  solutions  by  the  addition  of  sulphate  of  protoiiik 
of  iron.  In  order  that  this  operation  should  suooeed,  it  is,  how^ 
ever,  important  that  the  liquor  be  acidulated  by  hydrmdilohc  tai 
previous  to  the  addition  of  the  salt  of  iron,  as  by  this  means  tk 
peroxide  of  that  metal  formed,  and  which  would  otherwise  be  pre* 
cipitated,  is  held  in  solution.  The  presence  of  nitric  acid  also  pre- 
vents the  accurate  estimation  of  this  metal,  and  consequently,  who- 
ever that  body  is  present  in  the  solution,  it  must  be  evaponted 
nearly  to  dryness,  with  the  addition  of  hydrochloric  acid^  before  & 
sulphate  of  iron  is  added.  The  metal  thus  precipitated  is  cc^ectsd 
on  a  filter,  and  heated  to  redness  in  a  poredain  crucible  previoosto 
being  weighed.  The  separation  of  gold  from  the  oi^^  metals  b 
sometimes  founded  on  its  insolubili^  in  nitric  acid,  and  at  othen 
on  its  propertv  of  being  precipitatect  firom  its  solutions  bj  oxilk 
acid  and  sulphate  of  iron. 

When  sulphuret  of  gold,  precipitated  by  a  current  of  hydio- 
sulphuric  acid,  is  heated  to  redness,  the  sulphur  is  expelled,  an^ 
pure  metallic  gold  remains  in  the  crucible. 

AMay  of  Anrtferaus  Ores. — Minerals  containing  g(Ad  are  assajBd 
in  precisely  the  same  way  as  the  corresponding  ores  of  silrer,  but  u 
these  bodies  are  usually  very  poor,  it  becomes  necessary  to  opente 
on  a  larger  quantity  of  the  substance  to  be  examined.  Wl« 
these  compounds  contain  oxide  of  lead  they  may  be  convenient 
fused  with  a  proper  quantity  of  black  flux :  if,  instead  of  containixig 
oxide  of  lead,  thev  consist  of  other  oxidised  bodies,  but  are  fm 
from  this  metal,  the  assay  may  be  advantageously  conducted  by  tk 
addition  of  a  mixture  of  litharge  and  black  flux ;  when  chiefly  cos- 
posed  of  siliceous  and  earthy  matters  mixed  with  rich  oxidisabir 
substances,  as  mispickel,  or  iron  or  copper  pyrites,  their  fiiflki 
may  be  eflected  by  the  use  of  litharge  only ;  and  lastly,  when  tbett 
substances  so  preponderate  as  to  yield  too  large  a  button  of  lead 
for  convenient  cupellation,  a  mixture  of  litharge  and  nitre  may  be 
used  with  advantage.  It  is,  however,  necessary  to  remember,  tJai 
when  any  of  these  compounds  contain  sulphur,  it  is  of  the  greateil 
importance  that  the  whole  of  it  should  be  entirely  removed  during 
the  process  of  assaying,  as  otherwise,  and  particularly  in  presence 
of  alkaline  sulphurets,  a  large  quantity  ol  the  gold  would  eotef 
into  combination  with  the  slags  in  such  a  way  as  not  to  be 
separated  &om  them  either  by  lead  or  any  other  metal. 

Cnpeuation. — The  buttons  of  alloy  thus  obtained  are  afterwaris 
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cupelled,  with  the  precautioiis  enumerated  when  treating  of  the 
assay  of  the  alloys  of  silver,  although,  when  gold  is  the  metal  sought 
for,  the  process  is  in  a  slight  degree  yaried. 

When  the  resulting  button  merely  consists  of  an  alloy  of  lead 
and  gold,  together  with  a  small  admixture  of  one  or  more  oxidisa- 
ble  metals,  its  cupellation  presents  even  less  difficulty  than  in  the 
case  of  the  alloys  of  lead  and  silver,  because  in  the  first  place 
the  resulting  button  of  gold  is  not  only  less  volatile  than  that  of 
silver,  and  consequently  may  be  exposed  to  a  greater  heat,  but 
less  loss  is  also  experienced  at  high  temperatiues  by  absorption 
into  the  substance  of  the  cupel. 

When,  in  addition  to  gold  and  lead,  the  button  obtained  by  assay 
likewise  contains  copper,  it  must  be  cupelled  like  the  similar  alloys 
of  silver,  but  as  copper  possesses  a  much  greater  affinity  for  gold 
than  it  has  for  silver,  a  proportionatelv  large  addition  of  lead  must 
be  made  in  order  to  ensure  the  production  of  a  perfectlj^  pure 
button  on  the  test.  This  proportion  varies  in  accoidance  with  the 
composition  of  the  alloy  operated  on,  as  shown  in  the  following 
tabular  arrangement,  which  indicates  the  total  amount  of  lead  to  be 
added  to  various  alloys  of  gold  and  copper  in  order  to  obtain  the 
former  metal  in  a  perfectly  pure  state.* 

Quantity  of  lead  neoeasaiy 
Proportion  of  gold  contained  to  completely  remoye  tho 

in  the  ^07.  copper  by  Cupellation. 

1000  thousandths  1  part 

900  „  .  .  .  10    „ 

800  „  .  .  .  16    „ 

700  „  .  .  .22    „ 

600  „  .  .  .  24    „ 

600  „  .  .  .26    „ 

400\ 
800 ! 

200)-        „  .  .  .  34    ,. 

100 
50J 
•re*  containliiff  OoM,  Copper,  mii«  Silver. — When,  as  is  fre- 
quently the  case,  the  button  obtained  by  the  ftision  of  the  ores 
contains,  in  addition  to  lead,  copper,  and  gold,  a  certain  proportion 
of  silver,  it  must  be  cupelled  at  a  moderate  temperature,  and  if 
necessary  an  additional  quantity  of  silver  added.  By  operating  in 
this  way,  the  button  obtained  on  the  cupel  consists  of  an  allo^  of 
silver  and  gold,  which  is  afterwards  treated  by  an  excess  of  mtric 
acid :  this  effects  the  solution  of  the  silver,  and  leaves  the  gold 
untouched  in  the  form  of  a  brown  powder,  in  the  bottom  of  the 
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flask  in  which  the  experiment  has  been  conducted.  In  oedo; 
howeyer,  to  obtain  perfectly  exact  results,  it  is  necessary  that  % 
certain  relation  should  exist  between  the  amount  of  the  tro 
metals  of  which  the  alloy  is  composed,  since  if  the  silver  be  not 
present  in  sufficient  quantity,  the  mixture  is  not  complete 
attacked  by  the  nitric  acid ;  whilst  on  the  other  hand,  when  toe 
large  a  proportion  of  this  metal  is  added,  the  jrold  remains  in  t 
pulverulent  form,  which  renders  its  collection  mr  the  purpose  d 
weighing  extremely  difficult. 

Fartlnff. — ^This  operation,  which  has  received  the  name  cfp^ri- 
inff,  is  found  to  succeed  most  perfectly  when  the  allov  oontaiu 
a  little  less  than  three  parts  of  silver  to  one  of  &;old ;  and  therefore^ 
in  all  cases  where  great  exactitude  is  required,  the  addition  of  sihcr 
must  be  so  manaeed  as  to  agree  as  closely  as  possible  with  ikk 
proportion.  If  the  alloy  contain  less  than  two  and  a  half  parts  of 
silver  to  one  of  gold,  the  solution  of  the  silver  cannot  be  co» 
pletely  effected,  as  in  this  case  some  of  its  particles  are  « 
enveloped  in  gold  as  to  resist  the  action  of  the  strongest 
add. 

The  operation  of  adding  the  proper  amount  of  silver  to  an  aDof 
to  reduce  it  to  the  risht  standard  for  the  process  of  parting,  a 
called  inquartatian.  The  quantity  of  silver  necessary  for  this  pur- 
pose  is  estimated  in  accordiuice  with  the  approximatiYe  oompoa- 
tion  of  the  alloy  produced  by  direct  cupellation  of  the  buttos 
obtained  by  assay,  which  may  be  judged  of  either  by  the  too^ 
stone,  as  will  be  presently  described,  or,  in  many  instances,  by  ft 
simple  inspection  of  its  colour  and  hardness. 

The  inquartated  button  when  obtained,  should  be  caieliilh 
flattened  with  a  polished  hammer  on  a  steel  anvil,  and  afberwardi 
attacked  in  a  small  flask  or  large  test-tube  bv  nitric  acid  of  specfie 
gravity  1*15.  After  having  been  boiled  for  about  ten  minutes  witk 
acid  of  this  strength,  the  liquid  is  carefully  poured  off,and  the  reaidae 
heated  to  ebullition  during  a  quarter  of  an  hour  in  acid  of  ^ 
specific  gravity  1*26.  At  the  eiroiration  of  this  time  the  add  is 
carefully  poured  ofl^  and  the  residual  gold,  after  bein^  complete 
washed  with  distilled  water,  is  transferred  to  a  thm  porcdia 
capsule,  from  which  the  water  is  partially  removed  by  a  puMtt& 
and  the  remainder  evaporated  by  exposure  iu  a  water-bath.  Whea 
perfectly  freed  from  moisture,  the  pulverulent  gold  may  be  either 
weighed  directly  in  the  capsule  in  which  it  has  been  wed,  or  be 
folded  in  a  little  poor  lead  foil  and  again  passed  to  the  cupel,  so  m 
to  obtain  it  in  the  form  of  a  pure  metallic  globule. 

Assay  of  ArtMelal  Alloys. — ^As  in  this  case  the  atandad 
operated  on  is  in  most  instances  approximatively  known  withoui 
having  recourse  to  any  preliminary  investigation,  the  op^mtioa 
usualfy  commences  by  fusing  the  allo;^  in  a  @^^f^b  about 
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twice  its  weight  of  poor  lead,  and  then  adding;  the  amount  of  pure 
silver  or  fine  gold  necessary  to  bring  the  mixture  to  the  proper 
composition.  After  having  in  this  way  obtained  a  button  bj 
cupellation,  it  is  first  flattened  on  an  anvil,  and  afterwards  annealed 
by  being  again  heated  to  redness  in  the  muffle,  when  it  is  drawn 
out  into  the  form  of  a  Ions  strip,  by  being  repeatedly  passed 
between  the  rollers  of  a  small  flattmg-mill.  Durmg  the  progress 
of  this  operation  the  metal  requires  to  be  a  second  time  ann^ed, 
and  when  sufficiently  reduced  in  thickness  should  represent  a 
metallic  ribbon  of  a  quarter  of  an  inch  in  width  and  two  and  a 
half  inches  in  length.  A  convenient  weight  of  alloy  to  operate  on 
is  10  grains.  In  laminating  the  cupelled  button,  it  is,  however, 
necessary  that  it  should  be  reduced  to  a  suitable  thickness,  so  that 
on  the  one  hand  the  silver  may  be  completely  dissolved,  whilst  on 
the  other,  if  the  lamination  be  carried  too  mr,  the  gold  remaining 
aft^r  the  operation  will  not  possess  sufficient  coherence  to  admit 
of  its  being  conveniently  removed  and  passed  to  the  muffle. 

The  strip  of  alloy  thus  prepared  is  now  wound  in  the  form  of  a 
spiral  around  a  piece  of  glass  rod  or  the  barrel  of  a  quill-pen,  from 
which  it  is  removed  to  a 
small  glass  mattrass,  capa- 
ble of  holding  about  three 
ounces  of  water,  which,  with 
the  tongs  used  for  holding 
it,  is  represented  fig.  215. 
Two  and  naif  ounces  of  nitric 

acid  of  specific  gravity  1'16  ^^^ 

are    now  added,    and    the 
whole  exposed  to  the  tem-  215. 

perature  of  ebullition  during  twenty  minutes,  when  the  first  liquor 
18  carefully  poured  off  and  replaced  by  the  same  quantity  of  acid, 
having  a  specific  gravity  of  1*26  :  witn  this  the  residue  is  briskly 
boiled  for  another  ten  minutes,  after  which  it  is  poured  off  and  the 
remaining  gold  carefully  washed.  The  flask  is  now  entirely  filled 
with  distilled  water,  and  after  covering  the  neck  vdth  the  thumb, 
so  as  to  prevent  the  escape  of  any  of  the  liquid,  it  is  so  inclined  as 
to  allow  the  comet  of  spongy  gold,  which  retains  the  form  of 
the  original  alloy,  to  slowly  descend  without  breaking  to  the 
neck  of  the  mattrass.  The  metallic  spiral  is  now  carefully  placed 
in  a  small  earthen  crucible,  from  which  the  water  is  poured  off, 
and  which  is  afterwards  heated  in  the  muffle  to  bright  redness. 

In  these  estimations  it  is  of  importance  that  the  alloy  should  not 
be  immediately  attacked  by  the  stronger  acid,  as  in  this  case  the 
gold  would,  by  the  rapid  action  on  the  silver,  be  divided  in  the  form 
of  a  fine  powder,  whilst  if  on  the  other  hand  the  acid  of  specific 
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graTity  1*15  only  were  employed,  the  whole  of  the  silTer  could  not 
be  completely  separated  jrom  the  original  gold  sponge.  When  tk 
attack  nas  been  conducted  with  proper  care,  the  gold  remaini  in 
the  form  of  a  friable  brown  sponge,  having  very  nearly  the  same 
dimensions  as  the  original  spiral  of  allov :  on  heating  this,  how- 
ever, as  before  described,  it  very  sensibly  contracts,  and  at  Ik 
same  time  acquires  the  colour  and  consistence  of  ordinaiT 
malleable  gold.  The  results  thus  obtained  difier  from  cme-quaiter 
to  one-half  thousandth  from  the  actual  truth,  and  are,  therefore, 
sufficiently  exact  for  every  commercial  purpose. 

Determlnatloii  by  theTmielistone. — The  methods  of  assay  alreadj 
described,  although  succeeding  perfectly  for  the  determination  a 
the  value  of  bullion  and  other  unmaniuactured  products,  caoiK^ 
be  conveniently  applied  to  the  examination  of  jewellery,  wfaic^ 
would  be  required  to  be  destroyed,  in  order  to  ascertain  its  coo- 
position,  ana  consequentlv  a  method  is  employed  by  which  i^ 
standard  is  readily  determined  to  within  1  per  cent,  of  the  trutl 
whilst  the  most  delicately  chased  article  is  m  no  way  disfigured  b^ 
the  trial.  This  process  essentially  consists  in  rubbing  soitf 
convenient  part  of  the  object  to  be  examined  on  a  hard  ^iceoos 
stone  of  a  black  colour,  on  which  it  thus  leaves  distinct  metiDic 
traces  :  from  the  aspect  of  these  marks,  and  their  behaviour  wha 
treated  with  nitric  acid  or  a  weak  solution  of  aqua  regia,  the  assayff 
judges  of  the  ^old  subjected  to  examination.  The  uakM 
employed  for  this  purpose,  and  which  is  generally  known  by  the 
name  of  touchstone,  is  a  coarse-grained  species  of  quarts,  colom^ 
by  bituminous  matter,  and  which  was  anciently  brought  for  the 
purpose  from  Lydia,  although  stones  of  equally  good  qiuditr  ut 
now  obtained  in  Saxony,  Bohemia,  and  numerous  other  localitiei. 

In  order  to  be  enabled  to  judge  of  the  value  of  an  alloy  frw 
the  nature  of  the  mark  left  by  it  on  the  surface  of  the  stone,  ^ 
assayer  is  furnished  with  a  series  of  smaU  bars,  or  touch-needte. 
formed  of  aUoys  of  copper  and  gold,  of  which  the  composition  L* 
accurately  determined. 

The  trace  left  on  the  stone  by  the  alloy  to  be  examined,  is 
successively  compared,  both  before  and  after  the  action  of  an  acii 
with  the  different  marks  obtained  from  these  needles,  and  it  v 
supposed  to  possess  a  similar  composition  to  the  needle  vho« 
mark  agrees  most  closely  with  it  under  both  these  circumstance 
The  acid  most  commonly  employed  for  this  purpose  is  nitric  add 
of  sp.  gr.  1-26,  to  which  about  2  per  cent,  of  hyarochloric  acid  I* 
been  added.  In  making  these  assays,  the  first  streak  obtained  (m 
the  stone  cannot  be  employed  to  ascertain  the  composition  of  titf 
object  examined,  as  the  surface  of  jewellery  is  invariably  k* 
dared,  by  the  process  of  colouring,  of  a  higher  standard  than  that 
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of  the  aQoy  of  which  it  is  throughout  composed.  For  this  reason, 
therefore,  the  object  must  be  passed  once  or  twice  over  the  surface 
of  the  stone,  in  order  to  remove  the  superficial  coating  of  richer 
alloy,  before  making  the  streak  from  the  comparison  of  which 
with  those  of  the  needles  the  commercial  value  of  the  mixture  is 
to  be  determined.  This  method,  although  affording  much  less 
accurate  results  than  those  obtained  by  inquartation,  is  nevertheless 
for  many  purposes  sufficiently  exact. 

When,  in  addition  to  copper,  gold,  and  silver,  the  alloy  also  con- 
tains a  certain  proportion  of  platinum,  the  separation  by  cupellation 
of  the  oxidisable  metals,  and  especially  copper,  is  rendered  extremely 
difficult.  In  this  case  it  is  necessary  that  the  silver  present  should 
be  at  least  double  the  united  weights  of  the  gold  and  platinum 
contained  in  the  alloy,  and  that  it  should  be  cupelled  at  a  very 
high  temperature  with  the  addition  of  large  quantities  of  lead. 
The  button  thus  obtained  is  afterwards  to  be  treated  with  nitric 
acid  in  the  usual  way,  when  the  presence  of  so  large  a  proportion 
of  silver  determines  the  solution  of  the  platinum,  whilst  the  gold 
remains  untouched  in  the  bottom  of  the  nask,  and  is  collected  and 
weighed  as  already  described. 


BXFnrnro  ths  przciovb  metals — ^faxtdto  ok  the  laege  scale. 

When  the  separation  of  gold  from  silver  is  conducted  on  an 
extensive  scale,  the  use  of  nitric  acid  woidd  be  attended  with  very 
considerable  expense,  and  could  therefore  only  be  resorted  to 
when  the  pro})ortion  of  the  more  valuable  metal  is  considerable. 
This  difficulty  is,  however,  entirely  obviated  by  the  employment 
of  sulphuric  acid,  although  it  is  necessary,  in  order  that  the  alloy 
be  completely  attacked,  that  it  should  not  contain  more  than  20 
per  cent,  of  gold,  and  from  the  slight  solubility  of  sulphate  of 
copper  in  strong  sulphuric  acid  it  is  also  of  importance  that  it 
should  not  contain  much  bejond  10  per  cent,  of  copper. 

The  alloy,  after  the  additions  necessary  to  bring  it  to  about  this 
standard  have  been  made,  is  fused  either  in  large  crucibles  or  in 
a  small  reverberatory  furnace,  and  granulated  by  being  thrown, 
while  still  in  a  H^uid  state,  into  vessels  containing  cold  water. 
The  granulated  mixture  is  now  placed  in  large  cast  iron  boilers, 
into  which  are  thrown  2^  times  its  weight  of  strong  sulphuric 
acid  of  sp.  gr.  1*848,  and  the  whole  is  at  once  heated  to  ebullition 
Iqr  a  fire  placed  beneath  the  pans.  The  quantity  of  alloy  treated 
in  each  vessel  varies  from  4  to  6  cwts.,  and  to  prevent  the  evolution 
of  noxious  gases  into  the  laboratory,  a  leaaen  dome,  connected 
with  a  well-drawing  chimney,  is  placed  over  them  during  the  whole 
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time  the  attack  ia  being  made.  The  Btrong  aulphmic  add  tmltt 
these  circumstances  is  rapidly  decomposed,  sulphate  of  sibrer  ii 
formed,  and  sulphurous  acid  gas  is  evolved ;  this,  for  the  sake  d 
economj^,  is  frequently  conducted  into  a  sulphuric  acid  chaml»T 
where  it  again  oecomes  oxidised,  and  is  thereby  fitted  to  be  eB> 
ployed  in  a  repetition  of  the  same  process.  At  the  expinticiLflf 
four  hours  the  attack  is  usually  completed,  and  at  this  stage  of  tk 
operation  is  added  a  certain  quantity  of  sulphuric  acid  of  the  tf. 
gr.  1'69,  obtained  by  the  concentration  of  the  add  mother  liquni 
remaining  after  the  crystallisation  of  the  sulphate  of  copper  pro- 
duced during  the  precipitation  of  the  metallic  stiver,  as  will  p(» 
sently  be  described. 

The  liquors  are  now  again  made  to  boil  during  a  few  minotia. 
when  the  fire  is  withdrawn  from  beneath  the  pans,  and  the  liqwi* 
are  allowed  to  stand,  in  order  that  the  finely  divided  gold  v» 
become  deposited  on  the  bottom.  When  this  mis  taken  place,  iw 
the  supernatant  liquor  has  become  nearly  dear,  it  is  drawn  off  brt 
syphon,  while  still  hot,  into  leaden  evaporators  parlaally  filled  w 
the  mother  liquors  remaining  from  the  crystallisation  of  the  flV' 
phate  of  copper.  These  are  heated  by  a  series  of  steam-pip* 
until  the  whole  of  the  sulphate  of  silver  which  at  first  falls  d0«i 
is  redissolved,  when  a  ftirther  precipitate  of  gold  is  obtained,  id 
the  liquor  again  syphoned  into  another  series  of  evaponton,  > 
which  are  suspended  a  number  of  copper  bars,  by  which  the  sil^ 
is  rapidly  precipitated  in  the  form  of  a  crystalline  powder.  Inti» 
course  of  a  few  hours  the  last  traces  of  silver  are  by  this  men* 
completely  removed,  and  the  metallic  deposit,  after  being  csk^ 
washed,  is  compressed  by  a  powerful  hydraulic  ram  into  the  i0 
of  solid  rectangular  prisms. 

These,  when  dry,  are  fused  in  large  earthen  cracibles,  and«< 
into  ingots.  The  silver  thus  obtained  contains  frt>m  three  to  ii* 
thousandths  of  copper. 

The  nulverulent  gold  obtained  by  this  first  attack  still  cot<^ 
a  consiaerable  quantity  of  silver,  and  is  therefore  again  Bubjectoj 
to  the  action  of  strong  sulphuric  acid  in  platinum  vesseb  ostix^ 
from  a  fire  placed  beneath. 

When  not  sufficiently  purified  by  this  second  ebiJiition* 
strong  acid,  it  is  subjected  to  a  third  operation  of  a  similar  liA 
and  afterwards  fused  and  run  into  bars,  which  commonly  cootatt 
about  99*5  ]^r  cent,  of  pure  gold. 

The  solution  of  sidphate  of  copper  produced  during  the  P'*^ 
tation  of  the  silver  by  copper  bars  is  evaporated  in  »,*^*^ 
cistern  lined  with  lead,  and  neated  by  a  series  of  steam^p^  ^ 
in  zig-zag  across  the  bottom.  When  the  liquors  have  in  this  if*y 
been  concentrated  to  sp.  gr.-l'40,  they  are  syphoned  off  intoltfp 
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tabs  lined  with  lead  and  bound  with  copper  hoops,  as,  firom  the 
readiness  with  which  sulphate  of  copper  acts  on  iron^  bands  of  this 
metal  would  be  rapidly  corroded  bj  any  of  the  liquor  accidentally 
spilt  over  the  sides  of  the  vessels.  Affcer  having  been  filled,  these 
tubs  are  closely  covered  to  prevent  their  too  rapid  cooling,  and 
after  the  expiration  of  about  five  days  the  mother  liquors  are 
drawn  off,  and  the  crystals  of  sulphate  of  copper  adhering  to  the 
sides  carefully  removed.  These  mother  liquors,  when  again  con* 
oentrated,  yield  a  further  supply  of  crystallised  salt,  after  which 
they  are  set  aside  to  be  employed,  in  place  of  sulphuric  acid  in  the 
first  stage  of  the  operation,  as  already  described.* 

When  sulphate  of  copper  of  very  superior  quality  is  required, 
the  crystals  first  obtained  are  sometimes  subjected  to  a  second 
crystallisation,  but  in  the  majority  of  cases  they  are  merely  washed 
on  a  wicker  sieve,  and  after  being  allowed  to  drain  in  a  large 
leaden  cullender  are  packed  in  strong  casks  for  the  market. 

Erom  the  great  economy  with  which  this  process  is  conducted, 
and  the  present  low  price  of  sulphuric  acid,  it  admits  of  being 
advantageously  applied  to  the  refining  of  silver  containing  0*0006 
only  of  gold,  when  an  alloy  chiefly  consists  of  copper,  and  con- 
tains at  most  from  twenty  to  thirty  per  cent,  of  the  precious 
metab,  the  parting  is  not  attempted  until  a  portion  of  the  copper 
has  been  oxidised  by  roasting  in  a  reverberatory  furnace. 

The  granulated  alloy,  af^  having  been  thus  treated,  is  acted 
on  by  weak  sulphuric  acid,  by  which  die  oxide  of  copper  is  alone 
dissolved ;  and  when  the  mixture  has  in  this  way  been  enriched 
until  it  contains  from  50  to  60  per  cent,  of  gold  and  silver,  it  is 
subjected  to  the  usual  process  oi  refining  by  strong  sulphuric  acid. 
This  method  of  enriching  the  alloy  by  the  oxidation  of  its  copper 
was  first  employed  by  M.  Lebel,  the  proprietor  of  the  factory 
of  Belleville,  near  Paris,  who  for  many  years  employed  it  with 
ereat  success :  it  was  also  for  some  time  practised  at  Freyberg 
mr  the  puipose  of  separating  the  copper  ftom  silver  obtained  by 
amalgamation ;  but  as  the  alloy  there  treated  contained  smaU 
quantities  of  several  other  metals  besides  copper,  the  fine  silver 
obtained  was  found  to  be  rather  brittle,  and  for  this  reason  the 
process  was  ultimately  abandoned.  During  the  time  it  was  em- 
ployed, the  metal  to  be  refined  was  subjected  to  three  successive 
roastings  and  attacks,  and  in  this  way  silver  containing  only  four 
thousandths  of  impurity  was  obtained. 

Alleys  mi  OoM, — Gbid,  like  silver,  is  seldom  employed  for  the 
purposes  of  the  arts  in  a  pure  state,  but  is  alloyea  with  a  small 
quantity  either  of  silver  or  copper,  by  which  its  hardness  as  weU 
as  its  fusibility  is  considerably  mcreased. 

In  tliia  countxy  the  standard  of  the  alloys  of  gold  is  calculated 
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in  fractibiiB' of  unity  expressed  in  carats.  Unity  is  8ii{npo0ed  to 
be  divided  into  24,  whilst  each  carat  is  itself  subdindea  into  12 
thirtj-secondths,  so  that  unity  may  be  considered  as  made  up  of 
768  thirty-secondths  of  a  carat. 

In  this  way  the  gold  coinage  of  Bngland  is  said  to  bsve  i 
standard  of  22  carats,  or,-  in  other  words,  it  c^msists  of  an  aDof  ii 
which  in  every  24t  parts  tiiiere  are  22-  parts  of  fine  gold  and  2  of 
alloy.  The  common  standard  for  jewelleiy  is  18  carats,  and  oi 
articles  made  of  this  alloy  the  Hall  mark  of  the  Qt>ld8miths'  Coib- 
pany  is  generaUy  affixed ;  jewellery  of  a  less  standard  than  IS 
carats  does  not,  however,  receiv^e  the  mark  of  the  Company,  and 
it  therefore  not  unfrequently  happens  that*  chains,  &e.,  iMu 
gold  do  not  contain  even  fifty  per  cent,  of  that  metaL 

The  colouring,  as  it  is  called,  of  jewellery,  is  effected  bv  eito" 
nally  dissolving  out  the  copper  with  winch  it  is  allojed,  mi 
therebv  exposing  a  superficial  facing  of  fine  gold.  To  prodoff 
this  effect,  the  object  to  be  coloured  is  first  heated  nearly  to  nAsm 
in  a  gas  jet  or  spirit  lamp,  and  then  plunged  into  a  weak  scdutioB 
of  nitric  acid,  by  which  the  copper  on  its  surface  is  removed.  The 
same  effect  is  also  produced  by  placing  for  a  few  minutes  tbe 
object  to  be  coloured  in  a  paste  composed  of  a  mixture  of  ilon. 
common  salt,  and  saltpetre.  In  this  case  the  chlorine  ey(M 
from  the  mixture  dissolves  out  the  copper,  and  leaves  the  objec| 
with  a  surface  which  is  readily  brightened*  by  polishing,  and 
when  finished  presents  all  the  depth  of  colour  possessed  bj  po? 
gold. 

The  gilding  of  metallic  ornaments  is  either  performed  bj 
rubbing  their  surfaces,  rendered  perfectly  clean  by  immersion  is 
dilute  nitric  or  sulphuric  acid,  with  an  amalgam  of  gold  and  wff- 
cury,  and  then  expelling  the  latter  metal  by  heat,  and  subse- 
quently burnishing  down  the  deposited  gold ;  or,  when  the  objetf 
to*  be  gilt  is  entirely  composed  of  copper,  it  may  be  made  to 
receive  a  covering  of  gold  by  being  first  cleaned  and  amalgamate 
by  being  dipped  into  a  sdution  of  nitrate  of  mercury,  and  then 
after  being  carefully  washed,  placed  in  a  vessel  containing  a  boilisf 
solution  of  chloride  of  gold  in  an  alkaline  carbonate.  The  objecie 
gilt  by  this  method 'are  afterwards  coloured  by  dipping  them  into 
water  containing  a  mixture  of  nitre,  sidphate  of  zmc,  and  grw 
vitriol ;  the  v  are  then  dried  at  a  charcoal  fire,  and  subsequent 
washed  in  clean  water.  These,  and  aD  the  other  processes  by  wbiA 
gilding  was  formerly  effected,  have,  however,  within  a  few  yeaa 
become  in  a  great  measure  superseded  by  the  various  prosessee  d 
electro-gilding,  which  consists  in  depositing  from  its  solutions  bf 
ele^'tric  a;::eii  y  a  layer  of  gold  of  any  desired  thickness. 

The   solution  most  commonly  employed  for' this  puiposB  it 
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cyanide  of  potassium,  containing  cyanide  of  gold ;  the  subject  to 
lie  gilt  is  attached  by  a  metaUic  wire  to  the  negative  pole  of  the 
arrangement,  whQst  in  connection  with  the  positive  is  a  piece  of 
pure  gold,  which  is  dissolved  in  proportion  as  the  metal  is 
deposited  on  the  object  to  be  gilt.  By  this  means,  therefore,  the 
thickness  of  the  coating  is  not  only  entirely  under  the  command 
of  the  operator,  but  the  strength  of  the  solution  is  also  constantly 
kept  up  at  the  expense  of  the  ingot  of  geld  in  communication  with 
the  positive  pole. 
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platinttm:. 

Equiv.  ==  98.68.    Density  =  20-98. 

PLAToriTM  is  a  metal  of  a  greyish-white  colour,  capable  of  recdriog 
a  very  high  decree  of  polish.  AVTien  perfectly  pure  it  is  eitremdy 
malleable  and  ductile,  but  the  presence  of  a  very  small  amount  of 
foreign  matter  is  sufficient  to  destroy  these  properties,  and  to 
render  it  both  dull  and  brittle.  The  tenacity  of  pure  platmum  is 
nearly  equal  to  that  of  iron,  but  ordinaiy  commercial  spedmeBi 
almost  invariably  contain  a  certain  proportion  of  iridium,  by  tk 
presence  of  which  this  propertv  is  considerably  impaired.  This 
metal  is  infusible  when  exposed  to  the  strongest  beat  of  a  vind 
furnace,  but  melts  before  the  flame  of  the  oxy-hydrogen  blowpipe,  or 
between  the  charcoal  poles  of  a  powerful  galvanic  batteiy.  L&e 
iron,  it  yields  to  the  hammer,  and  admits  of  being  forged  loi 
welded  at  a  white  heat. 

Platinum  is  not  attacked  by  any  of  the  simple  acids.  The 
strongest  nitric,  hydrochloric,  or  sulphuric  acid  is  entirely  witboitf 
action  on  this  metal,  but  when  alloyed  with  a  sufficient  amount  d 
silver  it  is  readilv  dissolved  by  the  first-named  menstruum.  Br 
aqua  regia  it  is  dissolved  with  the  formation  of  a  bichloride  of  tiii 
metal. 

Platinum  is  readily  attacked  by  the  caustic  alkalies  at  a  re' 
heat,  and  particularly  by  lithia,  but  is  in  no  way  affected  by  tbe 
alkaline  carbonates,  eveawhen  exposed  to  their  action  at  a  veif 
elevated  temperature.  A  mixture  of  nitre  and  caustic  pot» 
produces  this  effect  with  much^greater  rapidity  than  the  alkBHa 
alone,  and  ordinary  laminated  platinum  is  found,  when  heated  in 
presence  of  arsenic,  sulphur,  and  phosphorus,  rapidlv  to  lose  iti 
malleability  and  ductility.  When  these  bodies  are  brought  at  i 
high  temperature  in  contact  with  platinum  in  a  high  state  of 
division,  combination  readily  takes  place,  and  fusible  and  extrem^ 
brittle  compounds  are  the  result.  A  mixture  of  silica  and  carboD 
produces  a  similar  effect  on  this  metal,  and  for  this  reason  pla- 
tinum crucibles  which  have  been  frequently  ignited  in  an  open  ^ 
gradually  become  rough  on  the  exterior  and  quickly  lose  their  flexi- 
bility.    For  this  reason  platinum  vessels  should  never  be  expoaed 
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to  tbe  direct  action  of  a  furnace,  but  be  enclosed  in  an  earthen 
crucible  containing  a  little  magneeia  or  caustic  lime. 

Platinum,  when  in  an  extremely  divided  state,  possesses  certain 
remarkable  properties,  wUcli  render  it  of  frequent  employment  in 
the  chemicid  laboratoiy.  When  in  this  form,  it  is  known  by  the 
name  of  platinum-black,  and  has  then  the  property  of  condensing 
to  a  most  extraordinary  extent  the  gases  in  irluch  it  is  plac^. 
In  this  way  pktinnm-black,  which  had  ior  some  time  been  exposed 
to  an  atmosphere  of  oxygen,  will  condense  around  it  several  hun- 
dred times  its  volume  of  that  gas,  and  when  brought  into  contact 
with  certain  inflammable  bodies  causes  their  instantaneous  igni- 
tion. If^  for  example,  a  drop  of  absolute  alcohol  be  let  fall  upon 
a  small  lump  of  this  substance,  which  has  thus  been  exposed  in 
the  presence  of  oxygen  gas,  it  is  at  once  inflamed,  and  the  whole 
mass  of  the  metal  instanlly  becomes  incandescent. 

Platinum  in  an  extreme  state  of  division  may  be  prepared  in 
various  ways.  The  most  common  method  is  by  Iboiling  a  solution 
of  bichloride  of  platinum  Pt  CI3  with  carbonate  of  soda  and  sugar. 
In  this  case  a  formation  of  chloride  of  sodium  takes  place,  the 
platinum  is  precipitated  in  die  metallic  state,  and  the  oxygen 
abandoned  by  the  soda  decomposes  a  portion  of  the  sugar,  which 
is  thus  converted  into  water,  and  carbonic  acid,  which  escapes 
during  ebullition.    Platinum-black  may  also  be  made  by  dissolvmg 

Erotochloride  of  platinum,  Pt  CI,  in  caustic  potash,  making  the 
quid  boil  violently,  and  gradually  adding  a  small  portion  of 
alcohol  to  the  solution.  lUpid  evolution  of  carbonic  acid  now 
takes  place,  and  the  metal  is  precipitated  in  a  state  of  extreme 
division.  The  same  result  is  likewise  obtained  by  decomposing 
aulphate  of  platinum  by  the  aid  of  heat  and  strong  alcohoL  Pli^ 
tinum  prepared  by  one  of  the  foregoing  processes  is  of  constant 
employment  in  eudiometrical  experiments  for  the  purpose  of 
exploring  the  mixed  gases. 

Platinum  was  not  imported  into  Europe  until  the  middle  of  the 
last  oentury,  although  known  long  previous  to  that  time  in  America 
under  the  name  of  platina^  whic£  signifies  in  Spanish  little  sihfery 
and  was  even  then,  from  the  great  difficulty  experienced  in  work- 
ing it,  of  comparatively  little  value.  The  platinum  of  commerce  is 
never  absolutely  pure«  but  contains  a  greater  or  less  proportion  of 
iridium  and  other  metals,  by  which  its  malleability  is  considerably 
impaired.  To  obtain  pure'platinum,  ordinary  chippings  of  that 
metal  are  dissolved  in  aqua  regia,  and  to  the  filtered  liquor  is 
added  chloride  of  potassium  as  long  as  a  yellow  crystalline  pre- 
cipitate continues  to  be  formed.  The  precipitate,  which  is  a  double 
chloride  of  platinum  and  potassium,  is  yery  slightly  soluble  in 
water,  but  contains  in  most  mstancea  a  small  portion  of  the,  double 
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chloride  of  iridium  and  potassium.  To  the  precipitate  tliiB  o^ 
tained  is  added  about  its  own  weight  of  carbonate  of  potash,  aoi 
the  mixture,  after  being  properly  incorporated,  is  heated  to  rednw 
in  an  earthen  crucible.  On  being  thus  treated,  the  chloride  of 
platinum  gives  up  its  chlorine  to  the  potassium  of  the  caihooak 
of  potash,  and  the  metal  itself  is  isolated,  whilst  the  carbonie  aod, 
together  with  oxygen  gas,  escapes  from  the  crucible.  The  ddotidp 
of  iridium  is  at  the  same  time  decomposed,  but  the  metal  not 
being  reduced  to  the  metallic  state,  oxide  of  iridium  remains.  TW 
calcined  mass  is  now  treated  with  hot  water,  bj  which  the  alkaSine 
salts  are  readily  removed  ;  whilst  the  metallic  residue,  after  being 
properly  washed,  is  attacked  by  dilute  aqua  regia,  which  diaaoifeB 
the  platinum,  whilst  the  oxide  of  iridium  remains  untouchnL 
Sal-ammoniac  (chloride  of  ammonium)  is  now  added  to  1^  pb- 
tinum  solution,  by  which  the  double  chloride  of  platinnm  aod 
ammonium,  b&ring  tjie  formula  FtCl,  +  NH4CI,  is  formed  and 
precipitated.  This,  after  being  carefully  washed  in  distilled  water. 
is  decomposed  by  being  heated  to  redness,  and  the  spongy  nraai 
remiuning  in  the  crucible  may  readily  be  compressed  into  the  solid 
form  by  being  subjected  to  great  pressure  when  strongly  heated. 


aOUBCES  OF  FLATINU1£. 

This  metal  is  invariably  found  in  a  native  state,  and  ocean  is 
alluvial  .deposits  similar  to  those  from  which  gold  is  obtained: 
the  sands  producing  platinum  are  principally  discovered  in  opei 
valleys  traversing  serpentine  rocks.  It  generally  presents  tbe 
appearance  of  small  flattened  grains,  of  a  gre^h-white  colour, 
approaching  that  of  tarnished  steel.  These  grams  are  oommooh 
flattened,  and  appear  to  have  been  polished  by  friction  against 
other  hard  bodies.  Their  size  varies  from  linseed  to  ihxt  d 
hempseed,  but  a  few  fragments  of  much  larger  dimensions  have 
occasionally  been  discovered.  One  piece  brought  from  Choeo  ii 
Peru,  by  Humboldt,  and  presented  to  the  Cabinet  of  Beriii, 
weighs  850  grains,  or  nearly  two  ounces  avoirdupois. 

The  Eoy^  Museum  of  Madrid  possesses  a  specimen  found  ii 
1844  in  the  gold  mine  of  Condota,  m  South  America^  which  is  as 
large  as  a  turkey's  egg,  and  weighs  7,600  grains. 

A  specimen  of  this  metal  was  found  m  the  year  1827  in  ^ 
Ural  mountains,  not  far  from  the  Demidoff  mines,  which  weighed 
11'57  lbs.  troy.  The  largest  specimen  yet  discoverod  weighs  211b8. 
troy,  and  is  in  the  cabinet  of  Count  Demidoff. 

The  grains  of  platinum  are  generally  far  from  pure,  and  air 
commonly  combined  with  osmium,  iridium,  palladium,  rhodium. 
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and  ruthenium,  besides  gold,  silver,  iron,  snd  copper ;  -they  are 
also  frequently  associated  with  yarious  heavy  minerals,  such  as 
the  magnetic  oxide  of  iron,  titaniferous  iron,  chrome  iron  ore,  and 
iron  pyrites. 

Three  specimens  of  native  platinum  yielded  to  Berzelius  the 
following  results : — 

From  Columbia : 
onBmall  grains. 


From  the  Ural: 

ini 

Hnall  graiziB ;  in  lai^  ( 

Platinum 

78-94     .     73-58 

Bhodium 

0-86     .       115 

Palladium 

0-28     .       0-30 

Iridium 

4-97     .       2-35 

Osmium 

1-96     . 

Iron 

11-04     .     12-98 

Copper   . 

0-70     .      2-30 

98-75         92-66  9736 

This  metal  was  first  discovered  by  Ulloa,  a  Spanish  tzaveHer,  in 
the  alluvial  deposits  of  Choco  and  Barbacoa  m  South  America. 
It  has  since  been  found  in  the  Ural  mountains,  in  the  island  of 
Borneo,  in  the  sands  of  the  Ehine,  in  those  of  the  Jocky  in  St 
Domingo,  and  in  the  gold  regions  of  Brazil. 

The  gold-washings  in  Peru  that  furnish  most  platinum  are 
those  which  are  situated  between  the  second  and  sixth  degrees  of 
South  latitude.  Among  these  may  be  mentioned  the  mines  of 
Condota  in  the  province  of  Novita;  those  of  Santa  Bita  in 
Viroviro ;  of  Santa  Lucia,  and  the  ravines  of  Iro  and  Apoto,  be- 
tween Novita  and  Taddo.  The  deposit  of  platinum  here  occurs 
in  the  alluvial  soil,  at  the  depth  of  about  20  feet  from  the  surface. 

The  grains  of  platinum  are  separated  from  the  gold  either  hj 
hand-picking  or  amalgamation.  From  an  apprehension  that  this 
metal  might  be  employed  for  the  purpose  of  oebasing  gold,  it  was 
formerly  thrown  into  the  rivers  witn  a  view  of  preventing  fraud, 
and  through  this,  large  quantities  of  this  valuable  metal  have 
been  entirely  lost.  The  platinum  grains  which  are  found  in  the 
river  Jocky,  near  the  mountains  of  Sibao,  are  extremely  brilliant, 
and  intermixed  with  a  siliceous  sand,  which  is  frequently  fer- 
ruginous. 

The  largest  proportion  of  the  platinum  at  present  used  is  ob- 
tained from  the  Ural  districts  of  Nischne,  Tagilsk,  and  Gorobla- 
godat.  It  here,  as  elsewhere,  occurs  in  alluvial  beds;  but  the 
course  of  the  platiniferous  alluvium,  which  is  extremely  productive, 
has  been  traced  for  a  considerable  extent  up  Mount  la  Martiana 
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which  consists  of  a  crystalline  rodE,  from  the  dkmtegfstiaa  4 
which  the  sandy  deposit  is  obtained. 

Bussia  annually  affords  about  80  cwts.  of  this  metal,  wfaiokB 
about  ten  times  the  amount  of  the  united  products  of  Bnsl, 
Borneo,  St.  Domingo,  and  Columbia. 

The  production  of  Borneo  is  estimated  at  60011hi.  per 


SSTnCATIOlf   or  PLATTErUM,  AJTD   ITS    SBPABATIOIT  FBQX   OTHB 

METALS. 

This  metal  is,  for  the  purposes  of  analysis,  weighed  eiUier  in  tk 
metallic  state,  or  in  the  form  of  the  double  chkride  d  plaianuB 
and  ammonium,  Pt  Cls+NH^Cl,  which  is  collected  on  a  filter  d 
known  weight,  and  careiblly  dried  at  a  temperature  of  212°  Esfar. 

When  platinum  exists  in  a  solution  in  the  form  of  chloride,  ^ 
liquor  is  first  concentrated  by  evaporation,  and  subaeqoently  mExed 
with  about  twice  its  volume  of  pure  alcohol. 

Solution  of  chloride  of  ammonium  is  now  added  in  exeesB;^  md 
the  liquor  again  concentrated  by  evi^oration  in  a  watep-batk; 
by  this  means  the  double  chloride  is  completely  precipitated,  tai 
after  being  carefully  washed  in  strong  alcohdl,  is  diiedy  dtiar 
under  the  exhausted  receiver  of  an  air-pump,  or  at  a  venr  modeate 
temperature  in  a  water-bath.  From  the  weight  of  double  nit  tl» 
obtained,  the  per-centage  of  platinum  is  readily  deduced,  as  evert 
100  parts  of  the  former  correspond  to  44*23  parts  of  metdfir 
platinum.  Instead  of  in  this  way  deducing  by  calcolatioii  Ifa 
weight  of  metallic  platinum  from  that  of  the  double  salt  obtaiBfli, 
its  amount  may  be  at  once  determined  by  first  expelling  tte 
ammoniacal  salts,  and  afterwards  weighing  the  metallic  apoqgf 
platinum  which  remains. 

Eor  this  purpose  the  double  chloride  should  be  exposed  to  s  M 
red  heat  in  a  closed  porcelain  crucible,  protected  from  the  diiedk 
action  of  the  fire  by  oeing  enclosed  in  an  ordinaiy  earthen  pot: 
the  decomposition  of  this  salt  may  likewise  be  CTBeeted  by  & 
fiame  of  a  gas-burner  or  spirit*lamp,  and  in  that  case  the  eiteml 
arucible  of  fire-day  must  not  be  employed.  This  decompooitian  d 
the  double  salt  by  heat  requires  to  be  conducted  with  great  cai^ 
since  if  the  evolution  of  ammoniacal  gas  be  too  rapid,  a  notaUe 
amount  of  metallic  platinum  will  be  carried  off  by  the  evolved 
gases.  Instead  of  using  chloride  of  ammonium  for  ihe  predpi- 
tation  of  the  double  salt,  chloride  of  potassiiun  may  be  empkr^; 
the  double  chloride  of  platinum  and  potassium  which  is  in  thii 
case  produced  is  either  dried  and  weighed,  as  when  chloride  of 
ammonium  has  been  employed,  or  decomposed,  by  heating  to  veA' 
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\,  into  metallio  platbum  and  chloride  of  potassium.  The  latter 
is  separated  by  solution  and  washing  in  hot  water,  and  the  former 
driea  and  weighed  in  the  metaliic  state. 

The  separation  of  platinum  from  other  metals  is  often  effected 
through  the  insolubinty  of  its  double  chlorides,  deposited  on  the 
addition  of  chlorine  of  ammonium,  or  chloride  of  potassium,  to 
solutions  containing  chloride  of  platinum. 

The  total  insolubility  of  this  metal  in  all  the  acids  excepting 
nitro-hydrochloric  and  others  capable  of  liberating  chlorine,  is 
another  property  which  frequently  affords  a  ready  means  of  sepa^ 
rating  platinum  from  the  bodies.  From  many  of  the  metals 
platinum  is  separated  in  the  form  of  sulphuret,  by  a  current  of 
Bulphiu^tted  hydrogen  gas,  by  which  its  precipitation  eren  in  acid 
solutions  is  completely  determined. 

When  platinum  is  alloyed  with  a  considerable  proportion  of 
any  metal  soluble  in  nitric  acid,  it  becomes  itself  attacked  by  that 
reagent,  and  consequently,  although  pure  platinum  is  untouched 
vhen  thus  treated,  many  of  its  alloys  are  completely  soluble  in  this 
menstruum. 

Prom  ^old,  platinum  may  be  separated  by  dissolving  the  alloy  in 
a^ua  regiay  and  subsequently  precipitating  the  platinum  by  soli^ 
tion  of  sal-ammoniac,  as  above  described.  The  filtrate  from  tha 
double  salt  contains  the  whole  of  the  gold,  which  may  now  be 
precipitated  in  the  metallic  state  by  the  addition  of  protosulphate 
of  iron  to  the  solution. 

The  pulverulent  gold,  after  being  thoroughly  washed,  is  dried, 
lieated,  and  weighed. 
I  Platinum  and  silver,  when  forming  an  alloy,  may  be  separated 

'  hj  solution  in  nitric  acid,  and  subsequently  precipitating  the 
)  silver  as  chloride,  by  the  addition  of  an  excess  of  hydrochloric  acid 
i  to  the  liquor.  If  a  large  excess  of  silver  be  present,  the  sepa- 
ration is  best  affected  by  the  use  of  sulphuric  acid,  which  dissolves 
i  the  silver  and  leaves  the  platinum  in  the  metallic  form. 
•  An  alloy  of  gold,  platinum,  and  silver,  may  be  analysed  by 
^  0oluti(m  in  nitric  acid,  which  dissolves  the  silver  and  platinum,  and 
^  leaves  the  gold  untouched.  The  silver  is  now  separated  in  the  form 
I  of  chloride  by  the  addition  of  hydrochloric  acid,  and  the  platinum 
i  precipitated  from  the  filtrate,  by  the  addition  of  chloride  of  ammo- 
f  nium,  by  which  the  formation  and  precipitation  of  the  double 
i>     platinum  salt  is  determined. 

t  Platinum  and  copper  may  be  separated  by  dissolving  the  alloy 
ji  in  aqua  resia,  and  afberwards  precipitating  the  metallic  pktinum 
ii  by  a  bar  of  pure  copper.  The  separation  of  these  metals  is  also 
\\  readily  obtained  by  means  of  sulphuric  acid,  by  which  the  copper 
,i  10  dissolved,  whilst  the  platinum  remains  as  a  metallic  powder. 
I        An  alloy  of  platinum  with  gold,  silver,  and  copper,  may  b0 
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analysed  as  follows : — The  alloy  is  dissolved  in  aqua  regia,  and  III 
liquor  copiously  diluted  with  cUstilled  water.  The  solution  is  nof 
separatea  from  a  flocculent  precipitate  of  chloride  of  silver  lif 
filtration.  The  chloride  thus  obtained  may  be  either  Aised,  nd 
its  equivalent  in  metallic  silver  determined  by  calculation,  or  it 
may  be  reduced  bv  boiling  with  zinc  and  sulphuric  acid,  when  tiie 
deposited  silver  is  washed,  dried,  and  weighed.  The  filtnti 
obtained  from  this  precipitate  is  now  concentrated,  and  mind 
with  an  excess  of  alcohol :  sal-ammoniac  is  subsequently  addei 
-and  from  the  weight  of  the  precipitate  obtained  is  calculated  th 
amount  of  platinum  originally  present.  To  the  solution  fiheiei 
from  the  platinum  deposit  is  added  a  solution  of  protoaulphate  d 
Jiron,  together  with  a  few  globules  of  metallic  mercury.  The  fink 
containing  the  mixture  is  gently  heated,  and  afterwards  brid^ 
«haken,  in  order  that  the  precipitated  gold  may  become  completek 
amalgamated.  The  amalgam  thus  obtained  ia  first  caiefbllf 
washed  and  dried,  and  afterwards  heated  in  a  porcelain  crodbk 
Hintil  the  whole  of  the  mercury  has  been  expelled,  and  the  goU 
alone  remains  in  the  metallic  state.  The  weight  of  copper  presoi 
may  be  estimated  by  difference,  and  represents  the  loss  suateisDi 
«on  deducting  from  the  total  amount  of  aUoy  operated  on,  tk 
united  weights  of  gold,  platinum,  and  silver  found. 

The  ores  of  platinum  cannot  be  assayed  in  the  dry  way,  anl 
their  complete  analysis  is  a  long  and  difficult  operation,  which  m 
only  be  successfully  undertaken  by  an  experienced  cheniist.  Tte 
commercial  assay  of  platinum  ores  is  best  conducted  by  cardnSr 
performing  on  a  small  scale  the  various  operations  now  to  lie 
described. 

HETALLrSOY  OF  PLATINUM. 

'The  platiniferous  sands  subjected  to  metallurgic  treatment 
besides  containing  the  principal  metal  sought,  also  yield  vaziabk 
quantities  of  the  constantly  associated  metals,  palladium,  osmimi. 
iridium,  rhodium,  and  ruthenium ;  they  also  frequently  cantun, 
in  addition  to  these,  gold,  silver,  iron,  and  copper,  ti^ther  iriA 
various  heavy  minerals,  such  as  titaniferous  and  chrome  ira 
ores. 

When  gold  is  pvesent  in  sufficient  quantity,  the  ore  is  ftit 
subjected  to  amalgamation  for  the  purpose  of  its  extmcticHi,  and 
the  residue,  aft^  a  ciu*eM  mechanical  preparation,  is  subsequentir 
treated  for  the  platinum  which  it  contains.  The  mineral  tfaa 
concentrated  by  washing  is  attacked  by  aqua  regia,  containing  ii 
excess  of  hydrochloric  acid,  in  large  green  glass  carboys,  moA 
are  heated  on  a  sand-bath  placed  imder  a  lofty  chimney,  Dy  wliA 
the  evolved  fumes  are  rapidly  carried  off.    The  aqua  regia  br 
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^Uch  the  attack  is  made,  is  always  diluted  b^  a  little  distilled 
water,  as  by  this  means  a  smaller  quantity  of  indium  is  dissolyed 
than  when  the  acids  are  employed  in  an  undiluted  state,  and  when 
this  metal  is  present  even  in  small  quantity  the  platinum  pro- 
duced is  rendered  extremely  hard  and  brittle.  The  aqua  regia  is 
removed  several  times  before  the  solution  of  the  ore  is  completed^ 
and  great  care  is  taken  to  avoid  the  inhalation  of  the  escaping 
fiimes,  which,  from  the  presence  of  osmic  acid,  are  extremely  pre* 
judicial  to  the  workmen  employed.  The  solution  thus  obtamed 
•18  now  set  aside,  in  order  that  it  may  brighten  by  precipitin 
tion,  and  the  clear  liquid,  after  being  drawn  off  by  a  glass  syphon, 
is  treated  with  a  solution  of  sal-ammoniac  as  lonff  as  a  jjrellow 
precipitate  is  deposited.  The  mother  liquors  from  this  precipitate 
still  contain  a  considerable  amount  of  pla^num,  together  with 
variable  quantities  of  the  other  metals  originaUy  present  in  the 
ore;  these  are  precipitated  by  bars  either  of  zinc  or  iron,  by 
wbich  a  deposit  of  a  aark  colour  is  produced,  from  which  a  certain 
amount  of  platmum  is  obtained.  With  this  view  the  dark  deposit 
is  first  treated  with  hydrochloric  acid,  by  which  the  foreign  metala 
are  principally  dissolved,  and  the  residue  subsequently  reattacked 
b^  bghly  diluted  aqua  regia,  which  readily  dissolves  the  finely 
divided  platinum,  without  acting  in  a  sensible  degree  on  the 
iridium  which  the  mixture  contains.  Sal-ammoniac  is  now  added 
to  the  clear  solution,  and  a  second  precipitate  of  the  double 
chloride  of  platinum  and  ammonium  obtainea. 

The  double  chloride  thus  procured  is  heated  to  dull  redness  in 
large  wrought  iron  crucibles,  and  by  this  means  the  ammoniacal 
salts  are  expelled,  whilst  metallic  platinum  in  a  spongy  state 
remains. 

This  spongy  platinum  is  next  finely  pulverised,  by  being  rubbed 
between  the  hands,  and  afterwards  intimately  mixed  wifii  water, 
80  as  to  form  a  dense  black  slime.  This  is  carefully  passed  through 
sieves  of  extremely  fine  wire  gauze,  and  the  coarver  particles 
which  remain  on  the  meshes  again  crushed,  and  idtimately  made 
to  pass  through  them. 

In  conducting  this  operation,  it  is  of  the  greatest  importance  to 
avoid  the  use  of  any  hard  body,  hj  which  a  commencement  of 
aggregation  between  the  particles  of  metal  is  produced :  the  most 
scrupulous  cleanliness  on  the  part  of  the  woramen  is  also  neces- 
sary, to  prevent  the  introduction  of  any  extraneous  matter  into 
the  finely  divided  mass,  as  the  presence  of  a  hair,  or  any  small 
dust,  would  be  ^uite  stt£Bcient  to  cause  a  serious  imperfection  in 
the  forged  platmum  produced.  For  this  purpose  the  metallic 
powder  is  separately  washed  by  decantation,  previous  to  its  con- 
solidation into  one  mass. 

The  platinmn  paste  is  now  introduced  in  an  apparatus  eonsis^|^ 
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ing  of  a  krge  gun-metal  cylinder,  accurately  fitted  wiUi  a  iM 
piston,  and  enclosed  at  the  lower  end  in  a  steel  foot-pieoe,  k 
which  the  escape  of  the  pasty  mass  is  effectuallj  prerentM.  Gni 
care  is  also  taken  that  the  mass  to  be  compressed  be  entirdj  te 
from  air-bubbles,  and  sfter  first  ramming  with  a  wooden  pesd^ 
the  steel  piston  is  applied.  The  water  is  thus  separated  mm  Hi 
metallic  particles,  and  their  closer  compression  is  aftem^ 
effected  in  an  hydraulic  press.  The  discs  of  platmnm  ikm 
formed  are  subsequently  heated  to  whiteness  in  eart;hen  emdUn 
and  then  beaten  on  an  anvil  with  a  heavy  hammer,  untQ  a  p» 
fectiy  homogeneous  mass  has  been  obtained. 

Platinum  admits  of  being  fbiged  and  welded  like  wiought  iraa 
and  is  extensivelv  employed  in  the  manufacture  of  dbewacn 
instruments,  and  for  the  negative  element  in  galvanic  batteria 
Large  platinum  vessels  are  likewise  used  by  gold  xefinov^  mi 
platinum  stills,  for  the  concentration  of  sulphuric  acid,  have  at  lk 
present  day  almost  entirely  superseded  those  of  blown  glaaa. 

The  other  metals  contained  m  the  ores  of  platinum  are  addoK 
applied  to  useful  purposes,  but  palladium  is  occasionallr  used  h 
making  the  divided  limbs  of  astronomical  instruments,  and  rbodiiB 
and  iridium  have  sometimes  been  employed  for  giving  baidnesB  to 
the  points  of  metallic  pens. 
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Lbfltricb,  m  lead-Bineltiiig,  616. 
Lcetio  acid,  obtained  from  fdek,  189. 
Lotion  of  acids  on  salts,  42. 

■  bases  on  salts,  44, 

salts  on  each  other,  46,  47. 

Ldit  level,  104. 

Brolites,    composition    of    scTeraL 

198. 
(finape  au  petit  foyer,  278. 

■  parporUonsy  278. 
Lmegation  of  minerals,  86. 
Llfreton  fiiniaoes,  oxjgen  and  nitio- 

ffen  in,  249. 

Ukaline  flux,  fusion  of  jralena  with, 
472. 

Llloys,  or  combined  metals,  28. 

— - — ,  a  disputed  question  oonoam- 
^  them,  29. 

,  properties  of,  30,  31. 

f  table  of  their  specific  gra- 
vities, 80. 

"  of  copper,  879. 

of  silver,  assay  oi;  528. 

Ulavial  deposits,  101. 

Uphabetic  arrangement  of  metals,  4. 

Uudelle  furnace  of  Almaden,  458. 

Lluminum,  disooveiy  of,  8. 

Lmorphous  chrome  iron,  where  ob- 
tained, and  how  employed,  208. 

budjsis  of  steel,  816. 

bdcients  acquainted  with  seven  metals, 
2. 

bdgles  of  crystals,  60. 

— — ,  how  measured,  78. 

Lngles,  modifications  o(  58. 

,  tangential  modifications    of, 

56. 

kntediluvians,  the,  understood  metal- 
lurgy, 1. 

iLnthracite  the  oldest  fossil  fuel,  187. 

dutimoiw  euifuri,  436. 

or^a  436. 


Antimonial  nickel,  887. 

silver,  525. 

Antimony,  by  whom  discovered,  2. 
— ,  assay  of  the  ores  o^  489. 

,  brittleness  o^  444. 

,  dasses  of  its  ores,  440. 

,  sulphuret  o^  486. 

,  estunation  o^  436. 

— ,  metallurgy  of,  442. 
'  ,  ores  ot  485. 

,  properties  of,  484. 

,  separation   of,     from   other 

metals,  &c.,  430. 
Apron  in  housing-frame,  290. 
Arrastras,   Mexican  crushing    mjlU. 

650.  * 

Argent  amalgamS^  524. 

naiif  523. 

eulfuriy  524.  526. 

Argentane,  or  German  silver,  890. 
Arseniate  of  cobalt,  888. 

of  lead,  468. 

Arsenic,  by  whom  first  mentioned,  2. 

y  determination  of,  446. 

,  properties  of,  446. 

,  treatment  of,  446. 

,  uses,  447. 

Arsenical  iron  pyrites,  206. 
ArseniUo,  or  atacamite,  824. 
Ash  of  various  kinds  of  fud,  182. 
Ash-wood  (fiiel),  178. 

,  mountain  (fuel),  173. 

Ashes  of  coal,  136. 

peat  and  turf,  129. 

trees,  various,  126. 

Aspirateurs  of  trompe,  297. 
Assay  of  the  ores  of  antimony,  432. 

bismuth,  481. 

Assay  of  copper  ores : — 

the  first  class,  339. 

the  second,  841. 

the  third,  846. 
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Aaaaj  of  iron  ores,  apparatus   for, 
212. 

anvil  and  hammer,  214. 

fiimaoe,  wind,  212. 

mortar,  214. 

shield,  214. 

tin  plate,  sheet  of,  214. 

tongs,  213. 
Assay  of  iron,  operations  of,  214. 

examination,  preliminary,  214. 

method  pursued,  217. 
Assay  of  tin  ores,  400. 

,  humid,  of  iron,  220. 

Assayed  iron,  how  tested,  219. 
Atacamite,    found    in    Saxony,    &c., 

824. 
Augette,  or  shaking-table,  400. 
Author,  the  first;  on  metallurgy,  2. 
Aveyron,    peculiarity    of    its    basin, 

207. 
Axes  of  oiystals,  rectangular,  ^5. 

,  oblique,  55. 

Azure  blue,  or  smalt,  384. 
Axurite,  331. 

Baerum  iron  works,  240,  248. 
Baked  sand,  moulding  in,  263. 
Balance,  hydrostatic,  87. 
Balls,  iron,  when  formed  into,  285. 

,  puddled,  285. 

,  compression  of,  286. 

Barium,  dirooYeiy  o^  3. 
Basalts,  96. 

Basins  of  coal,  the  two  richest,  226; 
Bath  metal,  379. 
Beds,  stratified,  101. 
Beech-wood  (fuel),  173. 
Bell-metal,  composition  of,  380. 
Berthier  on  antimony,  443. 
Biokford*s  patent  safety  fuse,  106. 
Bird-cherry  wood  (fud),  173. 
Bismuth,  hj  whom  first  described,  2. 

,  estimation  of,  430. 

,  metallurgy  of,  431. 

— — ,  mines  of^  at  Schueeberg,  433. 

,  ores  of,  429. 

,  properties,  Ac.,  428. 

» separation    of,    from    other 
metals,  430. 
Bismuth  Motif,  429. 
Bluok  flux,  fusion  ofpnlena  with,  474. 

Jurk  izluo  biemlo),  412. 

lilaat,  apparatus  for  heating,  253. 


Blast  Furnace  described*  SS8. 

beUy,  229. 

blowing  machine*  233. 

body  or  cone,  23S^  232. 

boshes,  229,  232. 

crucible,  230. 

dam-plate,  230. 

dam-stone,  229. 

hearth,  229. 

nozzles,  233. 

pipes,  230. 

throat  or  tunnel-hole,  S29. 

tuyeres,  230. 

tymp,  229. 
Blast  Furnaces,  smelting  of  tia  c' 
by,  406. 

at  Erzgebirge,  407. 

>,  number  o£,    in    the  Usas 

Kingdom,  323. 
Blast,  heating  of;  by  waste  heai,  Si 

contriTanoes  for  eflEecting  this  pr 
pose,  255. 

inrention,  by  J.  P.  Badd,  2S6. 
Blast,  hot,  application  ot^  246. 

,  chemical  action  o^  23& 

BIA  Carbonat,  465. 

BUiglam^  464. 

Bletglatie,  463. 

Bleivitriol,  467. 

BletuU,  411. 

Blende,  bismuth,  429. 

Blistered  steel,  307. 

Bloom,  or  loupe,  274. 

Blowing  machine  for  furnaces,  33& 

Blowing  out  a  furnace,  245. 

Blue,  azure,  or  smalt,  384. 

,  cobalt,  or  Thenard's,  3S5l 

Borer,  used  in  mining,  105. 
Bottle,  specific  graTity,  88. 
Bottoms,  a  term    uaed    in    ccfjr 

smelting,  860. 
Box  of  trompe,  297. 
Brankart*s  copper  prooesa,  868. 
Brasque,  or  damped  cbarooal,  218. 
Brass,  the  most  important  aDej  ^ 

copper,  379. 
Brittle  silver  ore,  525. 
Bricks,  refractory,  how  made,  I^. 
Bromide  of  silver,  527.* 
Bunibleierz,  467. 
Bunfki'jffrerzy  320. 
Bulterilieb  or  valvus,  516. 
Buytrones,  furnaces  ao  called,  4SS 
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Oadmie,  oxide  of  sine,  424. 
iCadmium,  disoovery  of,  3. 
Gainosoio  rocks,  97. 
iCakinff  ooal,  133, 177. 
iCalAmine,  412. 
lOalcaroou3  roeks,  96. 
Oftloined  iron  oris  analysis  of  average 
1      Bample  o^  261. 
I  CSalcination  of  iron  ore,  226. 
Galcining  or  improring  lead,  493. 
Calcium,  d&scoTery  of^  3. 
OakNrific  Talues  of  Tarious  kinds  of 
i     fuel,  171. 

anthracite,  178. 

charcoal,  178. 

,     ooal,  brown,  176. 

coals,  177. 
,     odke,  179. 
.     peat^l76. 
^     peat-charcoal,  178. 
,      wood,  175. 
^Calorimeter,  the,  172i 

. ,  water,  of   Count  Bomford, 

173. 
'Oam-ring-bag,  the,  287. 
.  Cannon,  allojs  for,  28. 

Carbon,  action  o^  on  oiides,  22. 

,  contained  in  fuel,  183. 

f  in  steel  and  cast-iron,  deter- 
mination of,  317. 

,  unoombined,  how  estimated  in 

pnlTcrised  metal,  818. 
'  Carbonate  of  copper,  blue,  331. 

iron,  206. 

zinc,  412. 

Carbonisation  of  charcoal  in  heaps, 
146. 

Carburiaed  steel,  too  highly,  how  re- 
duoid,  815. 

Camiola,  treatment  of  iron  in  the 

furnaces  of,  303. 
^  Cassia  anriculsta,  for  what  used,  313. 

Cast  iron,  analysis  of,  316. 

,  chemical  changes,  by  hot  and 

f  cold  bkst,  217. 

'  ,  colours— grey,  mottled,  and 

'  white,  243. 

— — ,  fusion,  eeoond,  of^  266. 

— — ,  moulding  ot,  259. 

'  — ,Wrightson*s  experiments  upon 

ten  specimens,  320. 

Cist  steel,  monuflicturti  Cft,  311. 

Outing,  wa^te  in,  270. 
Oftji,406. 


Catalan)  or  French  forge,  295. 

hammer  used  in,  298. 

water  blowing  machine  of,  296. 
Cement  used  in  steel  furnace,  306. 
Cementation  of  steel,  315. 
Cerium,  first  announcement  oi,  3. 
Characters  of  metals :  — • 

colour,  7. 

crystallisation,  9. 

density,  8. 

ductility,  10. 

elasticity,  12. 

expansion,  14. 

fusibiUty,  11. 

hardness,  7. 

heat,  power  of  conducting,  13; 

,  specific,  18. 

lustre,  7. 

malleability,  8. 

odour,  12. 

opacity,  7. 

sonorousness,  12. 

taste,  12. 

tenacity,  11. 

volatility,  14. 
CharboH  Bouxj  153. 

,  care  required  in  its  manufiic- 

ture,  155. 

i  saring  efliscted  by  its   use, 

155. 
Charcoal,  brown,  153. 
— ,  peat,  or  peat  coke,  166. 
(See  Peat-charcoal.) 

f  properties  of,  158. 

,  results  of  experiments    on 

Tarious  kinds  of  wood,  141, 
161. 
Charcoal,  manu&ctnre  of,  140. 

,  carbonisation  in  heaps,  146. 

,  charring  in  furnaces,  149. 

y  charring  of  brown  coal,  168. 

,  preparation  by  meilers,  142. 

Charging  a  furnace,  269. 

Charging  the  trough  of  steel  furnace, 

306. 
Charring  process,  experiments  of  Sau- 

Tage,  154. 
Chemical  properties  of  metals,  15. 
Chemist,  metallui^c,    furnaces   for, 

485,486. 
Chio  of  Catalan  fom,  295. 

of  Gvrmau  forge,  273. 

Chloride  of  silver,  526. 
Chlorine,  action  o^  on  oxides,  23. 
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Chlorine,  aotioii  of,  onxnetak,  34. 

Chiomate  of  lead,  468. 

Chrome  iron,  oomposition  o^  208. 

J  where  ibnnd,  206. 

Chromium,  by  whom  disooTered,  2. 
ClasMB  of  metals : — 
first  class :   Those  which  are  nerer 
used  in  anuncombined  state,  5. 
second  dass :   Those  which  may  be 
used  unoombined,  6. 
Classiflcation  of  metals  by  Begnault,16. 
Classification  of  metallio  oxides,  19. 
Clausthal,  lead  fumaoes  at,  610. 
Clausthalite,  465. 
Clays,  97. 

■»  oomposition  o^  186. 
— — ,  fire,  or  refraotoiy,  187. 
dearage  of  crystals,  50. 
Coal,  Tarieties  of : — 
anthracite,  187. 
brown,  130. 
li^te,  ISO. 
mineral  or  pit,  132. 
Coal,  where  found,  ISO. 
Coal  districts  in  England,  182. 

f  effects  of  sereral  yarieties,  as 

shown  by  De  la  Beohe's  and 
Playfinr^s  report,  181. 
,  quantity  annually  oonaumed 
at  Sheffield,  823. 
,  table  showing  the  mean  com- 
position of,  184. 
Cobalt,  by  whom  first  mentioned,  2. 

,  arseniate  of,  388. 

,  estimation  o(  888. 

,  ores  o^  382. 

,  oxides  of,  382. 

»  smaltine,  382. 

^  or  Thenard's  blue,  885. 

Cobreoree  of  copper,  866. 
*—  mining  company,  868. 
Coeksoomb  pyrites,  204. 
Coke  manuracture,  159. 
carbonisation  in  heims,  160. 
coking  in  mounds,  162. 
coking  in  oyens,  168. 
Coke,  peat,  155. 
Coking>OTens  described,  168. 
',  cbaiging  of,  164. 

f  ooolmg,  contriyancesfor,  165. 

,  Cory,  Messrs.  of  Lambeth, 

their  method  of  cooling,  166. 
,  form  of^  in  use  at  Newcastle- 
on-^^yne,  166. 


Coking-OTcns,  form  ai,  at  "Bm  k 
Gier,  168. 

,  form  of,  in  use  in  SSkdm,  10. 

,  results  of  various  pioeaMi^ 

171. 
Colcothar,  a  pigment,  204. 
Cold  short,  a  term  applied  to  ira^ 

822. 
Columbium,  by  whom  diseuvcted,! 
Combination  of  metals,  6,  28. 
Combustion  of  in  flammaMe  gssss  bm 

tunnel-head,  heat  obtmnsd  by,  M 
Condurrite  of  Cornwall,  833. 
Contrevent  in  Catalan  foige^  285. 
CoutoItuIus  laurifolius,  Ibstsso^  hm 

and  when  employed,  313. 
Copper,  alloys  o(  379,  531. 

,  amalgamation  of  matts,  M 

f  amalgamation     of 

with  mercury,  878. 

y  assay  for,  342. 

,  carbonate,  blue,  o(  8S1. 

,  dinoxide  of;  326. 

,  estimation  of,  334^  837. 

y  estimation    ci,    by  ths  Ml 

way,  848. 

>  gwT  ore,  380. 

,  maiaohite,  332. 

f  metallurgy  o^  348. 

,  native,  325. 

,  ores  oi,  326,  888. 

,  oxide,  Uaok,  of,  827. 

,  phillipsite,  829. 

,  propoties  of;  324. 

,  pyntes,  328. 

,  refining  of  black,  875. 

,  seleniuret  of,  333. 

,  separation  fimn  other  m^ 
334. 

,  sulphate  at,  334. 

,  sulphuret  o^  827. 

Copper  matts,  amalgamation  of  ■!•« 

with,atMansfeld,548. 
Coppermine^  Huel  Crofty,  in  Ooi» 

wall,  108. 
Copper  nickel,  386. 
Copper  ores,  classes  of;  888. 

assay  of  first  dass,  339. 

assay  of  second  daiss,  341. 

assay  of  third  dasa,  345. 
Copper-smelting,  English  meUwd «( 
350. 

extra  process,  367. 

Napiw's  process,  866w 
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I        CorawaU,  productive  of  tin,  394. 

stream  works,  102. 

Corsioan  fiimaoe,  300. 
J  arrftngements  for    the  first  stage, 

301. 
I  second  operation,  301. 

j  quality  of  iron  prepared  in,  802. 

Coruscation,  a  term  used  in  cupeUa- 
tion,  484. 

Codteaning  or  shoading,  103. 

Country,  a  mining  term,  99. 
'        Cover,  or  boi,  us^  in  washing  ores, 
'  121. 

Creosote,  obtained  from  fuel,  139. 

Cross  oourse,  a  mining  term,  99. 

Cross  cuts  in  mining,  105. 

Crucibles,    characters    essential    to, 
188. 

■        — ,  composition  of  different  kinds 
of,  190. 

,  experiments  for  ascertaining 

their  properties,  190. 

i        ^  kinds  used  in  England,  191. 

^        ,  lining  of^  for  assaying  iron 

t  ore,  218. 


-,  manufacture  of^  188. 


Cifashing  in  mining,  109. 
Crystals,  their  oharaoteiistios : — 

angles,  78. 

axes,  55. 

cleavage,  50. 

cubic  system,  55. 

determination,  75. 

forms,  49. 

forms,  goYeming,  52. 

forms,  primitive  and  secondary,  52. 

forms,  primitive,  what  to  be  dis- 
tinguished from,  52. 

hemihedral,  54^  59. 

bexatetrahedron,  57. 

laws,  which  reduce  the  number  of 
their  ultimate  forms,  49. 

laws  of  symmetry,  53. 

measurement,  75. 

modifications,  54. 

octahedron,  regular,  56. 

octakishexahedron,  59. 

pentagonal  dodecahedron,  GO. 

prism,  right  square,  61. 

tangential  modifications  of  angles 
and  edges,  56. 

tetrahedron,  59. 

transposed,  60. 

tra^jesuhedron,  58. 


Q  Q 


Crystals,  angles   of,  how  to  be  mea- 
sured, 78. 

-,  artificial,  how  obtained,  80. 

Crystallme  Systems,  six : — 

the  cubic,  55. 

the  right  prismatic,  61. 

the  rectangular  prismatic,  63. 

the  rhomlK>hednil,  65. 

the  oblique,  67. 

the  doubly  oblique,  70. 
Crystallisation  of  metals,  49. 

^  six  systems  of,  55. 

Cubic  system  of  crystals,  55. 

tangential  modifications  of  the 
angles,  56. 

regular  octahedron,  56. 

timgentialmodifications  of  the  edges, 
56. 

symmetrical  modifications  on  the 
edges— the  bexatetrahedron,  57. 

medications  of  the  angles— the 
trapezohedron,  58. 

modifications  not  parallel  to  the  dia- 
gonals— the  octakishexahedron, 
59. 

hemihedral  crystals — the  tetrahe- 
dron, 59. 

pentagonal  dodecahedron,  60. 

transposed  crystals,  60. 
Cubical  coal,  183. 
Cucurbit,  an  earthen  retort,  460. 
Cuivre  carbonate  veri,  332. 

^m,  330. 

ojrydS  noify  327. 

OjryduU^  326. 

panachiy  329. 

pyriteux,  328. 

sulfure,  327. 

Cumberland  iron  works,  225. 
Cupel,  its  absorbing  power,  530. 
Cupellation,  481. 

CupeUation  of  lead  at  Clausthal,  516. 
Cupels,  manufacture  of,  488. 
Cupolas  of  small  blast  furnaces,  267. 

,  older  and  newer  forms,  267. 

Cupreous  anglesite,  467. 
Cuproplumbite,  465. 
Currents,  action  o^on  discordant  stra- 
tification, 93. 

Dannemora  iron,  803. 
Decazerille  iron  worke,  207. 
Decimal  solution  of  silver,  535. 
Density  of  iron,  19& 

Digitized  by  LjOOQ  IC 


594 


IKD£X« 


Densify  of  minenls,  86. 
Deposits,  alluvial,  101. 
Deposits,    mineral,  technioal    termi 

used  to  denote,  99. 
Bidymitun,  discovery  of,  8. 
Dimorphism  (crystallography),  71. 
Dinoxide  of  copper,  826. 
Distillation,  diy,  of  fuel,  188. 

f  results  of,  139. 

Distillation  per  desoensum  (zinc),  419. 
DoU^,  a  puddling  tool,  285. 
Ductility  of  me^lB,  onler  of^  10. 
Dudley  coal  basin,  226. 
Dudley,  deposits  of  carhonat^  of  iron 

at,  207. 
Puii^noysit^  46{(. 
Dureh'brechfritchen^  278. 

Earth's  crust,  poustruction  of^  90. 

,  geological  division  o^  by  De 

laBeche,97, 

,  original  (probable)  state,  93. 

,  tempen^ture  o^  94. 

Earthq[uake8,   theory    oi^    explained, 

94. 
Edges  of  cubes,  tangential  modifica- 

^ons  of^  66. 
,  symip^rical  modifications  o^ 

EiMenckrom,  200. 
EitenglanXj  199. 
EUenkalk,  206. 
Eitenkiei,  202. 
Eitautein^  201. 
Electric  oidamine,  418. 
Blm-wood  (fuel),  178. 
:klTan,  896. 

Erbium,  by  whom  discovered,  3. 
Erinite,  of  limerick,  888. 
Equivalents  of  metals,  4. 
Brzgebiige,  blast  furaaoes  o^  407. 
Rain  oxffdi,  898. 
Etain  sulfuri,  894. 
Etranguulons  of  the  trompe,  297. 
Eucairite,  526. 
Euchroite,  of  Libethen,  838. 
ISxpansibility,  linear,  of  me^ls,  table 
of,  14. 

Faces  of  crystals,  60. 

Faggqts  of  blistered  st^l,  how  treated, 

308. 
Fahlen,  880. 
ores  of  copper,  848. 


Faults  or  slides,  99. 

Fer  anemcttie  iuoiome,  20S. 

—  earbonatS,  206. 

—  chrom^,  208. 

—  kydroxidd,  20$. 

—  oligiHe^  199. 

—  ojydu/S,  199. 

~  iui/vrS,  202. 

^  M^Kftf  Mamc,  904. 

Fine  metal,  279. 

,  puddlinff  of,  284 

Fir-wood,  or  deal  (fuel),  174 
Flask  or  box  for  caaling,  260. 
Floss-hole  of  Qennan  foigs,  291 
Forg^  the  Catalan,  296. 

,  German,  refining  bj,  271 
Fossiliferous  rooks,  97. 
Foundries,  ancient,  remains  o(  L 
Foumeau  hmanckey  401,  6(NL 
Foumeamx  apieee^  903. 
Fracture  of  minerals,  85, 
Fuel,  various  kinda  of  :— 

anthracite,  187. 

coal,  130. 

peat,  127. 

turf;  127. 

wood,  122. 
Fuel,  effects  of  heat  on,  137. 
Fuels,  artificial: — 

charcoal,  140. 

■■■',  brown,  158* 

,  peat,  156. 

coke,  159. 
Fuels,  compuratiye  value  o(  171. 
{See  Calorific  values,  ^.) 
,  influence  of  timis  on  ^ 
action,  179. 

,  methods  for  aaooriaiDingtb 

relative  valaea  o(  182. 
{See  Values,  relative,  4p.) 
Furnace,  blast,  228. 

,  method  of  lightii^,  285. 

,  piethod  of  blowi]i|;  qnt,  941 

Fumape  materials,  186. 

poiU,  its  use,  291. 

Furnaces:^ 

Aludelle,  of  Almaden,  468. 

GlausthsJ,  ^10. 

Corsican,  800. 

English,  for  fining,  279. 

Mansfeld,  869. 

Scotch,  504. 

Silesian,  426. 
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Funiaoes  for  :— 
.       Antimony,  znetaQurrf  of^  444. 
Chsrcoal,  ohaning  m,  149. 
Chemical  metaUarjeT}  486. 
CSopper,  smelting  df,  361,  854,  869, 
861,  862,  863. 

,  sweating  at,  876. 

Iron  (oast),  melting  o^  267. 
charging,  269. 
lighting,  268. 
Iming,  268. 
Lead,  cnpeUation  for  Btlver,  482. 
i  fusing  matts  o^  618. 

redudng  the  snlphuret  o^  610. 
I  smiting  of^  as  used  in  Shigland, 

I  490. 

i  smelting  ore-hearth,  as  used  in 

(  Scotland,  604. 

Mercury,  treatment  of;  460, 461. 
t       Schisto  of  Mansfeld,  869. 
/       Silrer,  calcination  o^  494 
Steel,  manufSsKstuie  o^  804. 
I        Tin,  extraction  o^  896 
metallui]^  of;  401. 
Zinc,  smelting  of,  426. 
Fusible  state  of  tiie  interior  of  the 

earth,  94. 
Fusibility  of  metals,  order  o^  12. 
Fusion,  second,  of  cast  iron,  266. 


Gads,  used  in  mining,  106. 
Galena,  464. 
Galena,  assay  of  :— 

first  method,  472. 

second  method,  478. 

third  method,  474. 

fourth  method,  477. 
Galenas  containing  antimony,  assay 

o^  478. 

Gallery  for  intersecting  lodes,  104. 

. of  the  Palatinate,  460. 

GkJleries,  timbering  of,  106. 

Gkmgue,  or  refiractory  day,  226. 

Gams  issuing  firom  various  furnaces, 
composition  tables  of,  240. 

•— from  tnroai  of  fiiraaoe,  ana- 
lyses of,  248. 

... from  the  throat  of  a  blast  fur- 
nace, tabular  estimates  of, 
248,249. 

0«te8  or  openings  in  moulds,  262. 

Oediegen,  Silber^  528. 

Oediegen  WismutA,  429. 


Geological  table,  by  Be  la  Beoho,  97. 
Qeometrical  forms  of  mineral  com- 
pounds, 49. 
German  chest,  the,  116. 
— ^—  silver,  or  argentane,  890. 
GKlding  process,  578. 
Gleinitz,  furnaces  at,  167. 
Gloucestershire  coal-fields,  226. 
Gluoinum,  discovery  oi,  3. 
Gneiss,  96. 
GK>ld,  alloys  oi  677. 

,  assay   of  artificial  alloys  of; 
572. 

y  assay  of  ores  of,  670. 

,  cupdlation  of;  670. 

,  estimation  of,  670. 

,  determination    of,    by    the 
touchstone,  574. 

,  mechanical  treatment  of;  664. 

,  metallurgic  treatment  of;  664. 

,  ores    of,   with   copper   and 
silver,  671. 
— — ,  parting  process,  572,  576. 

y  properties  of,  656. 

,  refining  of;  575. 

,  sources  of;  568. 

Gold-wire  of  Lyons,  880. 
Gold-washing,  664. 
Goniometer,  the  implied,  76. 

,  WoUaston's,  77. 

Gtrain  tin,  how  prepai«d,  408. 

Granite,  96. 

Qrautpnglaaen,  486. 

Gravity,  specific  (8e9  Specific  G^vity). 

Greillade,  of  Catalan  process,  299. 

Ghrev  copper  ores,  830,  848. 

Griddle,  on  which  tin  ores  are  washed, 

898. 
Groups  of  metals,  according  to  Beg- 

nault,  16. 
Ghm-metal,  composition  o(  880. 

Hade,  slope,  or  underlie,  99. 
Hammer  used  in  Catalan  foige,  298. 
'  for  compressing  pudcUed  balls, 


•of  steel  forge,  807. 


Hammering  apparatus  for  loupe,  275. 

for  lopins,  277. 

Hardness  of  minerals,  86. 
Hearth,  German,  for  refining  black 
copper,  377. 

ore-,  or  Scotch  furnace,  604. 

,  slag-,  for  treating  lead  ores, 
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Heat,  effects  of,  on  fuel,  137. 

^^—  of  fuel,  methods  of  meMuring 
the  relatiye  amounts  of^  172. 

,  specific,  of  metals,  table  of,  13. 

,  waste,  from  tunnel-head,  255. 

f  contrivances  for  the  reooTeiy 

and  application  of,  257. 

Heat-conducting  power  of  metals,  de- 
creaumg  order  o^  18. 

Heare,  a  mining  term,  100. 

Hegermiihl  brass  manufootory,  880. 

Hematite,  red,  199. 

Hemihedral  crystals,  54^  60. 

Hexatetrahedrou,  57. 

,  modifications  of  its  angles,  58. 

Hornbeam  (fuel),  174. 

Hot-blast,  application  o^  246. 

,  chemical  action  o(  238. 

Housing-frames,  for  grooved  puddling 
rollen,289. 

Humid  assaf  of  iron,  220. 

Hydraulic-pipe  press,  520. 

Hydrogen,  action  of,  on  oxides,  22. 

,  action  o(  <m  metallic  chlo- 
rides, 25. 

— —  contained  in  fiiel,  183. 

Hydrostatic  balance,  87. 

Hygrometric  water  in  fo«l,  182. 

Idria,  working  of  ores  of  mercury  at, 

451,456. 
Iodide  of  eilver,  526. 
Iridium,  discovery  of^  8. 
Iron,  action  of  acids  on,  196. 

,  characteristics  of,  192. 

,  estimation  of,  209. 

,  impurities  of,  how  remoTed, 
192. 

,  oxidation  (rust)  of,  194. 

,  magnetic  properties  of,  194. 

> ,  manufacture  of,  192. 


or. 


,  metallurgy  of,  224. 

,  principal    manufMJtures 

823. 

' ,  separation    of    fifom    other 

metals,  209. 

,  texture  of  conmieroial,  193. 

,  varieties  of: — 

erolitic,  198. 
meteoric,  197. 
native,  196. 
steely,  197. 

-,  weldinir  of,  194. 


,  when  it  works  heavily,  285. 

,  wrought,  manufacture  of,  270. 


Iron,  oast-,  analysis  of,  816. 

J  moulding  of^  259. 

Iron  ores,  assay  of^  812. 

examination,  preliminaiy,  214 

method  of  conducting,  217. 

humid  assay  of^  220. 
,  terma  applied  to  s— 

eompiKit,  200. 

glanoe,200. 

iaspery  day,  200. 

lenticular  clay,  200. 

oUgistie,  200. 

micaceous,  200. 

red  hematite,  200. 

led  oohre,  200. 

(jSf^OresoflKnL) 
Iron,  podoled,  ita  quality,  29(X 

,  scissors  for  cuiung,  »1. 

Isomorphism  (dEyatailogrsphy),  7^ 

Jigging*  or  tieTe-waahingi  118. 

Kibbles  used  in  mining,  lOi 
Kiln  for  roasting  mercwisl  ms' 
Idria,  457.  i 

JSOumpfiiseken,  278.  i 

Kupfergahrkeerd^  876. 
Kujferglat,  827. 
Kup/erkuft,  828. 
Kupferlaxur,  831. 
KupfenUeJtei,  386. 
Kupferroihj  826. 
Kugfersekwartz,  327. 

Ladles  for  meting  out  cast  mOt  ^ 
Lama,  ground  silver  ore,  561. 
Lambeth,  Messrs.  Coiy*s  ookoi' 

naces  at,  166. 
Lancashire  iron  works,  225. 
Landsbeig,  af^paratna  for  mfli^^ 

460. 
Lanthanum,  discovery  U,  8. 
Lavas,  96. 

Lavedero,  washing-out  vat,  65*. 
Laws  of  symmetry  of  orystaK  ^ 
Lead  melting-pot,  266. 
Lead  ores,  assay  of,  469. 

,  estimation  of,  466. 

,  manufacture,  518w 

,  metallurgy  of;  489. 

,  properties  ofi  462.     ^ 

,  separation  firom  other  ■" 
468. 
,  silver  cont4uned  int  < 
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Lead  ores,  treatment  of,  in  Scotch  far- 

naoes,  605. 
liead-Bmelting,  489. 

English  process,  489. 

G«nnaii  method,  509. 

improying  or  calcining,  498. 

Pattinson*8  process,  ^6, 

Pontgibaud,  method  of,  517. 

reducing  process,  602. 

Scotch  process,  505. 
Leberkies,  204. 
Level,    change   of^    in    strata,   how 

caused,  92. 
Libcthenite,  833. 
Lighting  a  furnace,  285,  269. 
Lignite,  yarieties  of,  180. 
— ,  table  showing  the  per-oeatage 

composition  o^  131. 
Lime,  anhydrous,  97. 
— — ,  hydrated,  97. 

,  sulphate  of,  97. 

,  unoombined,   estimation   of^ 
818. 
Limoges,  tungstate  of  ixon  from,  209. 
Lining  a  crucible,  218. 
a  furnace,  268. 

^  period  it  lasU,  269. 

Liquation,  a  method  of  extracting 

nlyer  from  eopper,  378. 
Liquation-hearth,  its  use,  873. 
Litharge,  commercial,  516. 
experiments  on  fiiels,  184. 

—  of  silver,  reduction  o^  502. 
[iithium,  by  whom  discorered,  8. 
fxMmi,  moulding  in,  264. 

Lodes,  a  mining  term,  99. 

,  modes  of  searching  for,  104. 

,  operation,  first,  when  disco- 

Tered,  104. 

,  outcrop  of,  expoeed,  108. 

Lopins,  fragments  of  loupe,  276. 
— — ,  hammer  for,  277. 

-  of  steel  furnace,  810. 
Louchet,  an  instrument  for  catting 

peat,  128. 
Loupe,  or  bloom,  274. 

hammering  o£^  276. 

Lime-tree  wood  ^fuel),  178. 
Lump-iron,  refimng  of,  278. 
liagistral,  roasted  copper  pyrites,  552. 
ICagnesium,  discovery  o(  8, 
Magnetic  iron  ore,  199. 

iron  pyrites,  204, 

WagnHeiiauUm^  199. 


MalaehU,  882. 
Malachite,  832. 

nseudo,  883. 

Malleable  metals,  7. 

,  order  of,  10. 

Mallet,  used  in  mining,  105. 
Manganese,  by  whom  first  obtained,  2. 

,  how  detected  in  a  hydrated 

ore  of  iron,  216. 
Manipulations  in  the  Swansea  Copper 

Smelting  Establishments,  351 : — 

calcination   of  ores  of   first    and 
second  classes,  851. 

melting  for  coarse  metal,  354. 

caloinaition  of  the  coarse  metal,  856. 

melting  for  white  metal,  357. 

meting  for  blue  metal,  858. 

remelting  of  slags,  &c.,  359. 

roasting  for  white  metal,  360. 

roasting  for  regalus,  361. 

preparation  of  crude  copper,  362. 

refining  of  crude  copper,  363. 
Mannheim  gold,  879. 
Mansfeld,    copper    schists    o(   how 

treated,  369. 
Marls  (days),  97. 
Mauieoty  468. 

Massouquettes  of  Catalan  proeess,  299. 
Matt  (oopper),  fusion  for,  341. 
Merthyr-Tydnl  iron  works,  245. 
Meiler  process,  preparation  of  char- 
coal by,  142. 
y  Enapp's  experiments  in  char- 
ring peat  by,  156. 
Mercwre  notify  450. 
Mereure  tuifuri^  451. 
Mercury  or  quicksilver,  448. 

,  adulteration  o^  448. 

^  commercial,  449. 

,  mines  o^  451,  452. 

— ,  ows  of,  450. 

,  properties,  Ac.  448. 

y  separation  from   impurities, 

449,453. 

y  uses,  450. 

(See  Ores  and  Quicksilver.) 
Mesozoic  rocks,  97. 
Metal,  fine,  279. 
Metals,  common,  early  known,  1. 

,  six,  known  in  Moses*  days,  1. 

,  symbolic  names  of  ancient,  2. 

,  symbolB  ofi  modem,  4. 

Metallic  iron,  fuaion  of  galena  with, 
478. 
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Metallic  iron  mouldB,  266. 

oxidae.  (&«  Oxides,  Matallio.) 

salts.     (See  Salts,  Metallic.) 

,  non-,  elements,  action  o^  on 

the  oxides,  21. 
— — ,  on  the  sulphuivts,  26. 
Metalluigy,  its  origin  lost  in  anti- 
quity, 1. 
,  Greeks  and  Bomans  excelled 
in,l. 

,  state  of,  in  Europe  before  the 

16th  oentuiy,  1. 

of  antimony,  442. 

bismuth,  4AI. 

process  at  Sdmeeberg,  482. 

eoppOT,  848. 

eold,  570. 

iron,  224. 

lead,  489. 

— —  mercury,  466. 

nickel,  888. 

improrements  in,  kept  se- 
cret, 889. 

platinum,  686. 

•^—  silver,  641. 

European  process,  541. 
Mexican  method,  660. 

tin,  401. 

—  ainc,  418. 

English  process,  418. 
process    at    Vieille    Mon* 

tagne,  421. 
Silesian  method,  425. 
Metals,  early  writers  on,  or  first  dis- 
oOTerers  of: — 
Agricola,  Georgius  (bismuth),  2. 
Berzehus  (cerium,  thorinum),  8. 
Brandt  (arsenic  and  cobalt),  2. 
Ercken,  Laearus,  2. 
Cronstedt  (nickel),  2. 
Dary  (potassium,  sodium,  Ac.),  8. 
Delhuyart  (tungsten),  2. 
Ghan  (manganese),  2. 
Gregor  (titanium),  2. 
Hatchett  (columbium),  2. 
Hisingerand  Berxelius  (cerium),  8. 
Eiilus  (ruthenium),  3. 
Elaproth  (uranium),  2. 
Mosander  (didimium,  iMifchrninm^ 

&c.),  8. 
MCiller  and  Hidm  (teHurium  and 

molybdenum),  2. 
Paracelsus  (zinc),  2. 
Boee^  H.  (niobium  &pelopium),  8. 


SefstrOm  (Tanadiimi),  8. 

Stromeyer  (eadminm),  8. 

STanberg  (norium),  Sw 

Tennant  (iridium  and  osnunm),}. 

Valentine^  Basil  (antimony),  1 

Vauquelin  (duomium),  2. 

Wollaston  (pdladinm  and  d» 
dium),  2. 

Wood,  Ghailes  (platxnnm),  2. 
Metals,  state  in  wboeh  they  snfaii 

in  nature,  83. 
Metamorphio  rocka,  92. 
Meteoric  iron,  oompontkn  of  flxn> 

rietieso^  198. 
Mica,  copper,  of  Gbmfnll,  kc^  tti 
Mill  furnaoe,  its  nae,  291. 
Minffrel  reins,  96. 
Minerals,  physical  propertiBi  of  r- 

aggregation,  state  o^  85. 

densify,  86. 

fracture,  85w 

hardness,  85. 

odour,  86. 

structure,  83. 

taste,  86. 
Minerals,  character    of   thosa  te 

which  iron  is  obtained^  225. 
Mining  operations :  — 

attacking  the  rock,  metiiods  o(lBi 

excaTations,  106. 

extraction  of  ores,  107. 

mechanical  prepaiatioii,  10& 

concentration  of  oxea,  IIL 

crushing,  109. 

jigring,  112. 

prehminai^  operatiMia^  108. 

aiere-washmg,  112. 

stamping,  109.  j 

washing  of  ores.  111. 
Mmnekel,  205. 

Molybdenum,  by  whook  dwooimfi,t\ 
Monmouthshire  coal  Wain,  226. 
Morteros^  stamping  msUsinMoia 

560. 
Mosuc  gold,  879. 
Moulding  oast  iron,  259. 

in  loam,  264. 

in  green  sand,  260. 

in  used  sand,  263. 

Moulds,  metallic,  when  empbffld^  9ft 

,  when  sank  in  the  floor>  ^ 

Mountains,  how  cansed,  94. 

,  their  importeaoeingeolopt* 

inquinesi  95. 
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Mourias  in  Algerifti  exposed  poeition 

of  lodes  at,  103. 
Muffle  for  cupellation,  483. 

Naphthaline,  obtained  finom  fuel,  139. 

Napier^B  copper  process,  365. 

NatiTe  bismuth,  429. 

NaUbrlieh  AnuUgam,  524. 

KeutnOitj  of  salts,  33. 

NewcasUe-on-l^e,  coking   furnaces 
at,  166. 

— — ,  oollieiy,  the  first  opened  at, 
132. 

— — ,  fire-clays  of   its  neighbour- 
hood, 187. 

Nickel,  first  shown  to  be  a  distinct 
body,  2. 
,  applications  of^  390^ 

,  metallurgy  of,  388. 

,  properties,  Ac.,  386. 

glance,  887. 

pyrites,  887. 

-stibine,  887. 


Kiokeliferous  pyrites,  387. 
Kicking-Buddle,  118. 
Niobium,  disooTcry  of^  3. 
Nitrogen  contained  in  fuel,  184. 
Non-metallic  elements,  action  of,  dn 

the  oxides,  21. 
Norium,  discorery  o^  3. 
Normal  solution  of  sflver,  535. 
Number  of  metals,  4. 

Oak-wood  (fiiel),  173. 

Oblique,  doubly,  system  of  crystals,  70. 

dimorphism  and  polymorphism,  71. 

isomorphism,  73. 

pseudomorphism,  76. 
Octahedral  Copper  ore,  826. 
Odour  of  minerals,  86. 
ObemdoH^  manufactory  of  arms  at, 

167. 
Ores,  concentration  of^  111. 

• ,  mineral,  extraction  of^  107. 

Ores  of  Antimony,  assay  o(  439. 

oxide  of^  435. 

aulphuret  of;  436. 
Ores  of  Bismuth,  429. 

aoioular,  480. 

blende,  429. 

carbonate,  430. 

natiTC,  429. 

oxide  of;  430. 

tetradymite,  480. 


Ores  of  Cobalt,  382. 

Ores  of  Copper,  classification  and  assay 

0^338. 
Ores  of  Gold  and  other  metals,  571. 
Ores  of  Iron,  199. 

brown,  201. 

carbonate,  206; 

chrome,  208. 

gothite,  202. 

magnet^  199. 

pyrites,  202,  204,  206. 

specuW,  199. 

tungstate,  209. 
Ores  of  Iron,  analysis  of;  221; 

alumina,  228. 

carbonate  of  lime,  222. 


oxide  of  manganese,  228; 
peroxide  of  iron,  228. 
phosphorus,  223; 
sulphur,  223. 
sulphuret  of  iron,  222. 


Ores  of  Iron,  classes  of;  216; 

anhydrous  oxide,  215. 

hydrated  sesquioxide,  216; 

spathose,  217. 
Ores  of  Iron,  smelting  of,  236. 

Lead,  463. 

,  assay  of,  469.  478. 

,  assay,  table  for,  479. 

,  carbonate  of,  466. 

,  chloride  of,  464. 

— ' ,  chl>omate  of;  468. 

,  estimation  of  silrer  contained 

in,  481. 
— — ,  natire,  468. 

,  oxide  of,  463. 

,  phosphate  of,  467. 

,  plumbo-resinite,  468. 

,  sulphate  o^  467. 

^  sulphuret  of;  464. 

-—  ■,  treatment  of  first  dass  of;  470. 

,  treatment  of  second  dass  of; 

472. 
Ores  of  Mercury,  or  Quicksilyer,  460. 

,  assay  o^  455. 

,  estimation,  458. 

,  metallnrgY,  456. 

,  natire,  «0; 

,  separation  from  other  metalsy 
458. 

^  sulphuret,  461. 

,  treatment  ai  Idn%  466. 
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OresofNiokel,S86. 

,  estimatiou  ofi  887. 

,  metallur^  of,  388. 

— • — ,  green  oxiae  of,  387. 

,  Beparation  from  cobalt,  887. 


OresofSilTer,  628. 

,  amalgam,  natiye,  624. 

,  antunoniij,  626. 

,  assay  of,  628. 

,  brittle,  626. 

,  bromide,  627. 

,  chloride,  626. 

-,  eucairite,  626. 

,  iodide,  626. 

,  native,  523. 

,  polybasite,  626. 

-,  yitrQOus  sulphuret  of,  624. 


oi, 


Ores  of  Tin,  analysis  of,  399. 

,  assay  of,  400. 

,  mechanical    preparation 

396. 
Ores  of  Zinc,  410. 

,  assay  and  analysxa  of^  416. 

,  classes  of,  416. 

Ores,  washing  of.  111. 
Ornaments,  metallic,  gilding  o^  678. 
Osmium,  disooyery  of,  8. 
Oyens,  charring  coal  in,  149. 

,  charring  peat  in,  167. 

,  coking  in,  163. 

{See  Cok6  and  Coking  Oyens  ) 
Oxidation  of  metals,  how  determined, 

17. 
Oxide  of  copper,  black,  327. 
Oxide,  red,  of  zinc,  411. 
Oxides,  metallic,  chuisification  of,  19. 

,  preparation  of,  20. 

,  acted  on  by  :— 

carbon,  22. 

chlorine,  23. 

hydrogen  and  heat,  22. 

non-metallic  elements,  22. 

sulphur,  23. 

Oxland's    patent    for    separating 

woliram  from  tin,  397. 
Oxygen  contained  in  fuel,  184. 

,  metals  which  haye  an  affinity 

for,  6. 

,  metals  which  haye  but  a  slight 

affinity  for,  6. 

,  relative  afllnities  of  metals 

for,  16. 

,  action  of,  on  metallio  chlo- 

ridcf,  Z^f 


Oxygen  and  nitrogen  in  Alfictoi  ft** 
naoe,  249. 

Packfong,  of  the  East  Indies,  S9a 
Facoe  and  colloradoa,  526. 
Paddle,  a  puddling  tool,  285. 
Paleozoic  rocks,  ^. 
Palladium,  by  whom  diacovacd,  i. 
Paracelsus  first  wrote  of  anc,  409L 
Paraffin  obtained  from  fuel,  139l 
Parallels  to  the  diagonals  of  crTstals» 

58. 
Pattern  for  moulding  in  sand,  26QL 
Pattinson's  process   for  the  eonea- 

tration  of  silver  contained  in  kad, 

496. 
Patio,  or  amalgamation-floor,  551. 
Pea  iron,  201,  225. 
Peat,  how  produced,  127. 

,  diiferenoe  between  it  andtsH 

128. 

{See  Topf.) 
Peat  charcoal,  or  peat  colce,  155. 

,  Meiler  process,  166. 

ovens  for  charring  in,  157- 

,  varieties  of,  129. 

Pelle,  an  instrument  used  in 

165. 

Pelopium,  first  discovery  of^  3. 
Pelouze's  process  for  detennining  thi 

value  of  copper  ores,  335. 
Piffif/oyer,  279. 

Philhpe's  analysis  of  blue  oarboiHit 
of  copper,  831. 

—  copper  process,  367. 

Phillipsite  (copper),  829. 
Phosphorus,  per^centage  ol^  in  iroe 
ores,  how  detennined,  283^ 

,  in  steel  and  cast  iron,  317. 

Phosphurets,  how  prepaivd,  27. 
Picamar,  obtained  firom  fuel,  139L 
Pig-iron,  modifications  of^  243. 

grey  cast  iron,  248. 

mottled  cast  iron,  248. 

white  cast  iron,  248. 
Piles  of  cut  iron,  291. 
Pinchbeck  gold,  379. 
Pit  coal,  properties  of,  by  whom  fine 
discovered,  188. 
,  how  worked,  132. 
Pitacall,  obtained  from  fud,  139. 
Pitch  coal,  138. 

Platinum,  its  discovery,  2,  588. 
,  estimation  of,  5d4. 
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*lAtmnm,  metallurgy  of,  686. 

,  properties  of,  680. 

,  Beparation    of^    from    other 

metals,  684. 

,  sources  oi^  682. 

^lomb  carboHol^y  465. 
•  cMorurS,  464. 


pAospAaiS,  467. 

wffafl  467. 

'lumbo-resinite^  468. 

?oelon,  an  iron  ladle,  424. 

Polybasite,  626. 

.'oljmorphism  (crystallography),  71. 

?ontgibaud,  treatment  of  lead  ores 

at,  617. 
?ontypool  iron  works.  232. 
^oplar  wood  (fuel),  174; 
Porges  of  Catalan  foige,  296. 
Porphyry,  95. 
Potassium,  disoovery  of,  3. 
Pots,  working,  market,  and  temper,  in 

Pattinsoii's  process,  498. 
Press,  hinged,  for  puddled  balls,  287. 
Prills,  the  first  class  of  tin  ores,  398. 
Primitire  rocks,  96. 
E^rince  Bupert*s  metal,  879. 
Prism,  right  square,  61. 

modifications  of  the  edses  and  ansles 
of;  62.  *  * 

Prism,  straight,  63. 

modifications  of  the  edges  and  angles 
of,  64. 
Prismatic,     rectangular,    system    of 
crystals,  63. 

modifications  on  the  edges,  64. 

modifications  on  the  edges  of  the 
base,  64. 

modifications  on  the  angles,  64. 
Prismatic  right  s^fuare  system  of  ciys- 
taU,  61. 

modifications  on  the  edges  of  the 
base,  62. 

modifications  on  the  yertical  edges, 
62. 

modifications  on  the  angles,  62. 
Pseudo-malachite,  333. 
Pseudomorphism     (crystallography), 

76. 
Puddline,  operation  of,  279. 

ftimaoe,  282. 

roUs,  289. 

Pug-tubs  (amalgamation   of  silyer), 

647. 
Pyriie  anemeale,  205. 
magneti^ue^  204. 


Pyrites,  copper,  82& 
Pyrites,  iron,  202. 

arsenical,  206. 

axotomous  arsenical,  206. 

magnetic,  204. 

white,  204. 
Pyrites,  nickel,  887. 
Pyrometer,  Wedgwood's,  307. 
Pyroxylic  or  wo<5l  spirit,  139. 

Quandel,  the  central  post  of  a  meiler, 

142. 
Qtufctmlber^  460. 
QuicksilTcr,  or  mercury,  448. 

,  mines  of,  461,  462. 

,  native,  460. 

(See  Mercury  and  Ores  of  Mercury.) 

Babbling,  a  technical  term  in  copper- 
smelting,  366. 
Back,  the,  119. 
Bed-jacket  copper  works,  368. 
Befineiy  furnace  for  silver,  499. 
Befining,  English  method  of;  278. 

,  German,  272. 

of  tin,  404. 

Begnault's  classification  of  metals,  16. 
Begulus  of  copper,  fusion  for,  341. 
Bektive  affinities  of  metals  for  oxygen* 
16. 

hardness  of  metals,  8. 

Bhodium,  by  whom  discovered,  2. 
Bhombohedral  system  of  crystals,  66. 
modifications  on  tlte  angles  of  the 

summits,  66. 
modifications  of  the  lateral  angles^ 

66. 
modifications  on  the  cnlminafcing 

edges,  66. 
modifications  on  the  lateral  edges, 
66. 
Bhomboidal  oblique  system  of  crys- 
tals, 67. 
hemitrophic  crystals,  70. 
modifications  on  the  angles,  68. 
modifications  on  the  edges  of  the 

base,  7a 
modifications  parallel  to  the  diar 

gonal  of  the  base,  69. 
modifications  on  the  vertical  edges, 
69. 
Bivot*s  method  for  the  estimation  of 

tin  ores,  401. 
Bivot's  and  Phillips's  copper  process, 
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Boast-posts  in  tho  amalgamation  of 

Bil?er,  542. 
Boasted  dead,  a  term  in  use  in  copper 

emeltinff,  866. 
Bock,  meuiods  of  attacking,  in  mining 

operations,  106. 
Bocks,  or  aggregation  of  min0rala»  90. 
,  non-stratified,    plutonic,    or 

igneous,  90. 
,  stratified,  Neptunian,  or  sedi* 
mentarji  90. 
Bock,  different  kinds  of  i— 

basaltic,  96. 

calcareous,  96. 

days,  97. 

gneiss,  95. 

ffranite,  95. 

&Tas,96. 

lime,  97. 

porphyry,  96. 

trachytes,  95. 
Boilers,  finishing,  292. 
Boilers,  groored,  for  puddled  iron,  289. 
Bolls,  puddling,  289. 
Bosettes,  plates  of  refined  copper,  376. 

,  method  of  toughening,  378. 

Bubin  Qlimmer,  202. 

Bun  or  direction  (mining),  99. 

Bussian  iron,  308. 

Buthenium,  by  whom  discoTered,  3. 

SalziMuret  Blei  von  Mendip^  464. 

8and  coal,  139, 177. 

Sands,    metalliferous,     methods    of 

washing,  114. 
Salts,  metollic,  how  formed,  82. 

,  action  of  acids  on,  42. 

,  action  of  bases  on<  44. 

,  action  of  salts  on  each  other, 

45. 
,  action  of  salts  on  each  other 

by  the  dry  way,  47. 
,  action  of  saline  solutions  on 
each  other,  46. 
— ,  divisions  of:— acid^  alkaline^ 

neutral^  33. 
— — ,  solubility  of,  89. 
,  taste  of^  37. 

,  water  of  crystallisation,  37. 

SehddmferruginS,  209. 
Schists,  copper,  how  treated,  369. 
Schlich,  fine  sand,  456. 
Schneeberg,  metallurgy  of  bismuth  at, 
481. 


Sehearzgiltigen^  52$. 

Scissora  for   cutting    poddkri  ina, 

291. 
Scraper,  used  in  moulding,  264 
Secondary  rocks,  96. 
Selenium,  27. 
Seleniuret  of  copper,  333. 

of  lead,  465. 

Shear  steel,  306. 

Shears  fi>r  cuttine  poddUl  iron,  29L 
Sheet  iron,  maonnctoTD  ol^  293*. 
Sheet  lead,  mann&otorD  <<  51& 
Sheffidd,  quantitr  of  steel  ptodiiesi, 

and  number  of  funiaees  at,  323. 
Shift,  a  term  in  lead  awwAJitg^  491. 
Sheading,  a  Oonush  term,  108. 
Sieves,  lund,  in  mining,  113. 
Sieves,  as  used  on  the  OantiDeBtk  ill 
Siere-washiDg  in  minings  113. 
SUberglanz,  824. 
Silesian  method  of  sino<i 

furnace,  426. 

Silica,  estimation  of^  818. 
Silicate  of  sine,  418. 
Silver,  allov  table  o(  531. 

^  alioya  o(  554. 

alloys,  assay  o(  by  the  tnaai 

wav,  534. 
y  amalgamation,  Euiopeaa  pM- 

cess  oty  541. 
— i ^  amalgamatiian,  ICanafeldpn- 

cess,  548. 


550. 

^  assay  of;  528,  633. 

,  concentration  o(  in  leadom, 

496. 

,  estimation  of,  627. 

,  estimation  o(  in  lead  on^ 

481. 

,  metallurgy  of,  641. 

,  ores  of,  528. 

,  properties,  522. 

^  refining  ot  499. 

,  table    showing  the    «ip«i- 

mentsof  D*Aroet,  639. 
Sinter  coal,  130, 177. 
Slag-hearth,  507. 
ShUe  coal,  188. 139. 
Slitters,  for  cutting  small  ivon  fatni 

294. 
Stoping  and  rise,  in  mining,  106. 
Smalt  or  aiure  Uue^  883. 
,  mannfiietuie  o(  884. 
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Smaltine,  883. 
Smeltiiig  of  oopper,  860. 
Smeltiiig  iron  ores,  285. 

,  EngliBh  prooeM  o(  228. 

^-» — ,  gases  liberated  by  the  blast, 

289. 
^— — ,  sucoesstre  changes  in,  241. 
Smelting  of  lead,  489. 

,  Gterman  method,  609. 

Smelting  of  tin,  402. 

-"■  ■■-,  first  operation,  408. 

— — ,  second  operation,  406. 

Smelting  of  cino,  418. 

Sodium,  disoorery  oS,  8. 

SohibOitji^  salts,  89. 

Solutions,  saline,  action  on  each  otiMr, 

45,48. 
Somersetshire  coal  fields,  826. 
South  Wales  coal  basin,  225. 
South  Wales  iron  works,  285. 
aptriiei,204u 
Specific  gravity  of  brown  ooal,  181. 

of  charcoal,  152. 

— — —  of  iron,  192. 

'         iron,  carbonate  oS,  206. 
— —  <^  the  principal  metals,  9. 
— —  of  mineraU,  86. 
—    —  of  woods,  TarioQS,  124. 
Specific  grarity  bottle,  8& 
Specular  iron,  199. 
Bpeiss  (smalt  or  asnra  bine),  884. 
Speiss,  nickel  prepared  from,  889. 
Splint  coal,  138. 
Stamping  in  mining,  109. 
Statues,  bronze,  alloys  for,  29. 
Steam  nary,  report  on  the  eiSwts  of 

Tarious  coals  suited  to,  181. 
Steel,  analysu  of;  816. 

,  carbon  in,  how  determined, 

317. 
,  determination  of  phosphoras 
in,  817. 

,  manufacture  of^  804. 

Steel,  cast,  manufiicture  of;  311. 
Steel,  Indian,  mannfiicture  o(  312. 
Steel,  natural,  manufiwture  of,  809. 
Steel,  shear,  808. 
Steely  iron,  as  prepared  by  the  CSata- 

Um  method,  811. 
Btodart  and  Faraday's   experiments 

on  steel,  815. 
Strata  of  the  earth's  omst,  90. 

distorted,  91. 

»— -—  influtmoed  by  currents,  92. 


Stratification,  discordant,  91. 

Stratified  beds,  101. 

Streaming  and  stream-work,  102. 

Stream-works  for  extracting  tin,  898. 

Strings  and  threads,  99. 

Strontium,  discoTcry  of,  8. 

Structure  of  minerals,  83. 

Sttiekofen^  302. 

Sulphate  of  oopper,  884. 

of  line,  414. 

Sulphide,  a  term  used  by  chemists, 
synonymous  with  sulphuret  of  mi- 
neralogists, 210. 

Sulphur,  action  ot,  on  oxides,  28. 

,  combination   o^    with     the 

metals,  25. 

^  contained  in  fuel,  188. 

in  steel  and  cast  iron,  817. 

Sulphuret  of  antimony,  436. 

Sulphuret  of  bismuth,  429. 

Sulphuret  of  copper,  327, 349. 

Sulphuret  of  mercury,  451. 

— ,  analysis  by  Klaprotk  and 
Leberars,  451. 

Sulphuret  of  zinc,  411. 

Bulphurets  or  sulphides^  hew  pre^ 
pared,  26. 

Swansea  smelting  works,  350. 

,  classes   of  minersis    treated 

therein,  350. 

,  processes  pursued,  851. 

Sweating,  first  staee  of  chasing,  144. 

Sweating  furnace  tor  copper,  875. 

Swedish  iron,  303. 

Sycamore  wood  (6iel),  178. 

Symbols  of  names  of  metals,  4. 

Symmetry  of  crystals,  laws  ot,  58. 

Table,  percnssioB,  117. 

Tables,  sleeping,  115. 

Tables  showing  the  weight  of  ailrer 

to  the  ton  of  lead  ore,  &c.  487,488l 
Tackle  used  in  mininpp,  104. 
Tamjiing,  or  soft  schist,  106. 
Tapping  for  remoring  liquid  metal, 

242. 
Tar  obtained  from  coal  distillation. 

167. 
Taste  of  minerals,  86. 

of  salts,  87. 

Technical  terms  of  mineral  deposits, 

99. 
Tellurium,  by  whom  disoorered,  2. 
Temperature  of  the  earth,  94. 
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Terbium,  discoveiy  o^  8. 
Tertiary  rooks,  95. 
Tetrahedron  in  crystalB,  59. 
Thenard's  or  cobut  blue,  885. 
Theoretical  effects  of  fuel,  172. 
Thorium,  discoyery  of,  8. 
Thrombolite,  888. 
Tilt  hammer  in  steel  forge,  807. 
Timbering  of  a  gallery,  106. 
Tin,  its  properties,  &c.  891. 

,  block,  405. 

,  estimation  of,  898. 

,  grain,  4^. 

,  metallurgy  of,  401. 

mines,  894,  895. 

ores,  analysis  of^  899. 

ores,  preparation  o^  898. 

,  oxide  ol,  398. 

pyrites,  894. 

,  refining  of,  408. 

,  separation  from  other  metals, 

898. 

smelting,  402. 

Titanium,  by  whom  disooyered,  8. 

its  colour,  824. 

Tongs  used  in  cupellation,  488. 
Tortas,  circular  patches  of  a^rer  ore, 

551. 
Tossing,  an  operation  so  ea&ed,  405. 
Tossing-tubs,  for  washing  tin  ores,  896. 
Traoh^,  95. 
Transition  rocks,  96. 
Trompe  of  Catalan  forge,  296. 
Trough  of  steel  furnace,  804. 
Tungstate  of  iron,  209. 
Tungsten,  by  whom  discoyered,  2. 
Turf  and  peat,  127. 

,  ashes  from  yarious  kinds,  129. 

,  Eegnault's  experiments,  129. 

{See  Peat.) 
Tutenague,  the,  of  China,  890. 
Tuyeres  of  blast  furnace,  280,  282. 

of  German  forge,  272. 

,  of  what  composed,  278. 

,  heating  apparatus  attaobed 

to,  254. 
TS^pe,  printers',  alloy  for,  29* 

Values,  relatiye,  of  fuels,  ascertamed 
by  their  amounts  of :  — ^ 
ashes,  182. 
carbon,  188. 
hydrogen,  188. 
mtrogen,  184. 


Values,  velatire,  of  itidfl^  i 
by  their  amoanta  of: — 
oxyffen,  184. 
sulpnur,  183. 
water,  hygrometrie,  182L 
Vanadium,  dlisooyery  of,  8. 
Vauquelin's  analysis  of  the  oxide  flf 

antimony,  485. 
Vegetate,  a  term  naed  in  eopdktso^ 

484. 
Veins,  mineral,  98. 

,  dbdosed  bj  the  ackkMi  of 

water,  103. 
Vickerhagen  iron  works,  248. 
Vieille  Montagne,  the,  prepazation  «f 

zinc  at,  421. 
Vitreous  copper,  327. 
Vitreous  silver,  523,  624. 
Volcanic  eruptions  aoeoimted  for.  9k 

Ulyerstone  charcoal  iron,  303. 
Uranium,  when  and   by  whom  (fii> 
ooyered,  2. 


for  < 

Qerman  chest,  115. 
nicking-buddle,  118. 
percussion  table,  117. 
rack,  119. 

sleeping  tables,  115. 
Water  in  different  sorts  of  wood,  121 
WeUspiesfflaserzy  435. 
Wet  way,  assay  of  sulphates  of  eapam 
by,  344. 

,  estimation  of  copper  by,  MBL 

Whim,  or  gin,  in  mining,  106. 
White  nickel,  387. 
WinjE6,  in  mining,  105. 
Wipe-stick  used  in  mining,  106. 
Wire,  gold,  of  Lyons,  880 
Wolfrwn,  used  in  the  mannfiictare  of 
a  pigmait,  209. 
',  associated  with  Coniiah  tin, 
397. 

-,  separation  effected  socordiv 

to  Oxland's  patont,  897. 
Wood,  bituminous,  130. 

,  experiments  in  makuig  ofasr* 

coal    from    different  ' 
152. 
Woods,  yarious,  used  for  fuei :— 
ashes  after  combustion,  IflGw 
oomponent  parts  o(  182.^ 
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Woods,  TariouB,  for  ftiel : — 

results  of  Schodler's  and  Petersen's 
analyses  of,  125. 

specific  gravity  o^  124. 
WootZ|  or  Indian  steel,  812. 
Work,  a  technical  term,  114,  396. 

Yellow  ochre,  202. 

Tstalyfera  iron  works,  256,  257. 

Yttrium,  discovery  of,  3. 

Zaoatecas,  amalgamation  of  silrer  at, 

651. 
Zinktpaih,  412. 
Zinnkieti  394. 
Zianober,  451. 
ZiAnstein,  893. 
Zirconium,  discovery  of,  3. 
Zinc,  by  whom  first  mentioned,  2, 
409. 

,  carbonate  of,  412. 

,  estimation  of,  414. 


Zinc,  metallurgy  of,  418. 

,  ores  of;  410. 

,  oxide,  red,  of,  411. 

,  preparation  of,  at  the  Yieille 
Montague,  421. 

,  properties  of,  409. 

,  separation    of^    finom    other 

metals,  414. 

,  silicate  ofi  413. 

,  smelting  ofi  Silesian  method, 

425. 
— — ,  sulphate  of,  414. 

,  sulphuret  of,  411. 

Zinc  ores,  analysis  of,  416,  417. 
Zinc  works,  in  England,  418. 
Zinc  earbonafS,  412. 
Zinc  otyde  frrrifhte^  411. 
^nc  oxydS  nlicifirey  413. 
Rnc  sulfuri,  411. 
Zinkglas,  413. 
Zinkoxydy  411. 


THE  END. 


WILSON  AND  OGILTT,  57»  SKINMBa  STaEBT,  tNOWHlLL,   LOM 
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APPARATUS  AND  MATERIALS 

TOR 

ASSAYING, 

AITDTOB 

CHEMICAL  ANALYSIS  IN  THE  HUMID  WAT, 

JCAirUTACTVBXD  BY 

JOHN  J.  QRirriN  AND  CO.   LONDON, 

AND  BICHARD  GBEPFIN  AND  CO.  GLAflGOW. 


For  a  more  detailed  aoooont  of  their  CHEMICAL  and  PHILOSOPHICAL 
?PARATUS,  Messrs.  Gtuimxr  and  Co.  refer  to  their  ILLUSTRATED 
LTALOGUE,  a  New  Edition  of  which  was  published  recently,  in  870. 
ice  2s.,  or  2s.  6d.  firee  by  post. 


JPELLING  FITRNACB,  of  wrought*iion  Plate,  lined  with  Fire-claT,  with 
an  opening  for  heating  a  Tube.    Figs.  184  and  186,  page  482,  £6.  6s. 

CTFFLES  adapted  for  this  Furnace,  Is.  6d.  each. 
Muffles  of  larger  size  made  to  order. 

)NO  STEEL  TONGS,  for  remoring  Capela  from  the  Mufle.    Fig.  187, 
page  483,  ^. 

rPEL  MOULDS.    Fig.  18d,  page  489,  for  making  round  Cupels,  li  inch 

in  diameter,  12s. 
Ditto  for  making  round  Cnpelsi  1^  Inch  in  diameter,  10s.  6d. 
Ditto  for  making  square  Cupels,  )  inch  in  diameter,  12s. 

iLLET  of  the  form  %.  190,  for  driylng  the  Die  into  the  King  of  the 
Cupel  Mould,  in  making  Cupels,  3s. 

iASS  PABTINO  FLASK,  for  assaying  Alloys  of  Gk>ld.    Hg.  215,  page 
673,  Is. 

EEL  TONGS  for  holding  the  Parting  Flask,  2s.  6d. 

LMMER  for  flattening  Buttons  of  Metal  in  SilTcr  Assaying,  small  sice,  Ss.  6d. 
Large  sixe,  8s.  6d. 

EEL  ANVILS  (Stakes)  for  flatt^ing  Beads  of  Silrer  on,  and  for  crushing 

small  Samples  of  Minerals  :— 
Li  inch  square,  2s. 
t  inches  square,  massive,  6s. 

SAY  SCOOP,  fig.  179,  Copper,  7s.  6d. 
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2  AFFiLBATUS  AlTD  KATEBIAL8  FOB  ABaA-Yn^O. 

INGOT  MOULD,  fig.  181,  6a. 

WBOUGHT-IBON  CRUCIBLES,  of  the  form  Pecommfflided  at  |ige€S, 

fig.  178. 
GOLB-WASHINa  BASINS,  of  Zinc;  form  of  fig.  213,  page  561^  «iate 

in  diameter,  14a. 

SIEVES,  of  Hair,  and  Bnwa  Wire,  of  all  diameten  and  degnu  of  fimaK. 

TONGS,  form  of  fig.  102,  Is.  6d.  to  38. 5  fonn  of  fig.  103  and  104^  li.  Oitt 
36. ;  form  of  fig.  106,  Ss.  to  60. 

MAGNIFYING  LENS  of  Three  Powers  (for  the  Pocket),  for 
Minerals,  Crystala,  &o.  Ss. 

OIL  BATH,  Copper,  with  hard  soldered  joints,  for  drjing  substanoa  itlii^ 
temperatures,  page  38,  £3.  Ss. 

TAYLOR'S  HOT-AIR  BATH,  of  sheet-iron,  for  drying  Ores,  Predpil^R 
fto.    The  Temperature  can  be  easily  regulated  to  «ny  d«giw  up " 
360°  Fah.  oTer  a  Gss  flame,  14b. 
B ALAN  CES  FOR  ANALYTICAL  PURPOSES.    In  Poushki)  MiHOftiJi 
Glass  Cases,  fitted  up  in  .the  most  convenient  style. 
Brass  Beam,  12  inches  long,  in  a  Glass  Case,  £9  9s. 

The  beam  has  all  the  necessary  adjustments.    Will  carry  1000  gtwais 

each  pan.    Will  turn  with  ^bv  g™*«^  ^^^  thus  loaded     The  pans  •»• 

pended  by  pUtinum  wire.    The  case  is  provided  with  acyustiiig  aciews  to  K  ■ 

Erel.    With  a  set  of  weights  from  600  to  xffv  F»i^- 

Brass  Beam,  15  inches  long,  in  a  Glass  Case,  £14 14a. 

The  beam  is  divided  into  ten  parts,  and  has  an  apparatos  placed  otbtB  If 

which  the  nder  can  be  moved  on  the  beam  without  opening  the  ^"fJi 

Will  carry  1000  grains  in  each  pan,  and  turn  with  5^  grain  whea  Wio* 

With  a  set  of  weights  from  1000  grams  to  y^  grain,  including  riden  tfij 

grain  each.     There  is  a  short  pan  cut  out  to  receive  the  "  potash  appsnWi 

used  in  Organic  Analysis.    The  glass  case  is  provided  with  adjusting-«fl««' 

Abbat  Balance,  Brass  Beam,  10  mches  long,  in  a  Glass  Case^  £12 1*. 

Will  carry  500  grains  in  eadi  ^an,  and  turn  with  ^^  grain  wh«iW» 

With  a  set  of  weights  from  300  grauis  to  t«W  g»in- 

Balance,  in  a  portable  box,  with  a  brass  beam  12  inches  long,  in  a  loabap^ 
box,  with  a  support  adapted  to  the  top  of  the  box.  The  pans  rest  <»  • 
box,  and  are  moved  by  a  lever.  Will  carry  1000  grains  in  each  pMj«J 
turn  with  ^^  grain  when  loaded  with  500  grams  in  each  pan.  ^be  W» 
is  divided  int^  10  parts  from  the  fulcrum  to  the  end,  fur  arufer.  W» 
set  of  square  weights  from  500  grains  to  ^  grain.    £5.  5s. 

SET  OF  DECIMAL  GRAIN  WEIGHTS,  Miut  Stakdaed. 
Mahogany  Box,  600  grains  to  ^^  grain,  £1.  lis.  6d. 

SET  OF  FRENCH  DECIMAL  WEIGHTS,  in  Mahogany  Box. 
From  50  grammes  to  1  milligramme,  £1. 15s. 

MOHR'S  BALANCE,  for  taking  tlic  Specific  Gravity  of  Liquids  wilb »e««^^ 
and  facility,  in  a  Mahogany  liox,  complete,  £2.  5s. 
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CHEMICALS. — ^Tfae  prices  of  Ghemicals  can  only  be  stated  approxixnately,  as 
thej  are  altered  firaquently  :— 


Bone  Ashes,  £2. 10s.  per  cwt. 

Pure  Lead,  Is.  per  lb. 

Garbonate  of  Soda,  in  powder,  24e. 

per  cwt. 
Befined  Nitre,  £2.  2s.  per  cwt. 
Borax,  £5. 12s.  per  cwt. 
Litluuqge,  18s.  per  cwt. 


Fire  Clay,  for  Luting,  10s.  per  owt. 
Cream  of  Tartar,  £6.  per  cwt. 
Bed  Argol,  £2.  5s.  per  cwt. 
Sal  Ammoniac,  £8.  per  cwt. 
Carbonate  of  Ammonia,  Is.  per  lb. 
Chlorate  of  Potash,  Ss.  per  lb. 


AoiDS,  AT.yATiT¥8,  and  all  the  usual  BB-AassTB,  in  a  state  of  Puritj. 

OBXFFHTS  TBAVELLINa  CABINETS  of  APPABATUS,  for  the  Qfau- 
TATiTB  Akaltbis  of  Obes  and  other  Mivsbals,  prepared  for  the  use  of 
Naral  and  Militaiy  Officers. 

I%e  IfuirttmemU  contained  in  the  following  CoUeetiom  are  of  the  emaUest 
ueeful  sixes t  but  of  the  best  materials  and  workmanship.  The  several  parts 
are  well  proportioned  and  a^fjusted  to  one  another: — 

8sT  1.    Price  £8  in  a  CABDnrr. 

This  contains  Appttratus  sufficient  for  making  the  Experiments  necessaty 
for  the  Discrimination  of  all  well-known  Obes  ana  Mutebaia. 

The  size  of  the  Cabinet  is  about  1^  cubic  foot. 
It  includes  Blowpipe  Apparatus  with  the  necessary  Fluxes  and  Beagents  ; 
a  selection  of  the  most  useml  instruments  for  Testing  in  the  wet  way,  with 
a  collection  of  tests  in  the  dry  state,  and  stoppered  bottles  to  contain  solu- 
tions ;  a  set  of  bottles  with  pure  acids.  The  apparatus  is  of  small  size,  and 
the  quantity  of  materials  limited,  but  adapted  to  the  yarious  opCTations  of 
QualitatiTe  Analyses — namely,  the  preparation  of  solutions,  filtration,  preci- 
pitation, ignition,  &o. 

SxT  2.    Price  £15. 15s.  in  Two  Cabhtbts. 

The  principal  Cabinet  cont4iin8  the  most  important  Apparatus,  arranged 

for  conrenient  use  in  Trays  and  divided  Boxes. 
The  second  Cabinet  contains  large  articles  for  occasional  use,  Buplioates 

of  Apparatus  liable  to  be  broken,  extra  stock  of  Acids  and  Chemicals,  &c. 
Size  of  the  Two  Cabmets  together,  about  4  cubic  frat. 
This  Set  contains  Apnaratus  sufficient  for  the  Complete  Qualitatiye 

Analysis  of  Ores  ana  Minerals,  or  the  separation  of  the  Components 

of  a  Mineral  in  quantities  sufficient  for  an  accurate  Qualitatire  Ajialysis. 

It  includes  a  brass  Argand  spirit  lamp ;  a  crucible,  capsule,  and  other 
Tesseb  of  platinum ;  a  full  assortment  of  Bohemian  test  tubM  and  other  glass 
^paratns ;  Berlin  porcelain  crucibles  and  capsules ;  a  collection  of  pure 
tests  in  the  dry  state,  and  a  set  of  stoppered  bottles  for  solutions ;  a  stock 
of  pure  acids ;  materials  for  sulphuretted  hydrogen  and  other  sases  used  in 
anuysis.  The  whole  adapted  for  a  regular  series  of  analyticsd  operations, 
the  preparation  of  solutions,  filtration,  testing,  precipitation,  the  washing  of 
preapitates,  ignition,  distillation  (of  water,  alcohol,  and  acids,  in  small  quan- 
tities), and  other  processes,  either  direc^  necessary  in  analysis,  or  in  pre- 
paring the  means  of  effecting  analyses.  It  contains  also  a  complete  set  of 
blowpipe  apparatus,  with  fluxes  and  reagents ;  duplicates  of  articles  liable  to 
be  broken,  and  an  extra  stock  of  acids,  noxee,  and  tests. 
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GBIFETBrS  POBTABLB  GHBMIOAL  OABINETS    eoniimuid. 

Set  8.    Price  £21  in  Two  CABunns. 

The  Set  of  ApparetuB,  No.  2,  can  be  rendered  mutable  for  the  Qnwntatiiliw 
Analysis  of  Ores  and  Mineralfl,  by  adding  to  it  a  balanoe,  a  set  of  deesBii 
grain  weights,  and  a  few  other  artides,  amounting  in  all  to  the  -ralne  d 
6  guineas.  The  balano^  when  loaded  with  800  grains  in  eaoh  pan,  will  tn 
with  ^  grain.    The  weights  are  adjusted  to  the  imperial  atandaarcL 

OOLLEOnON  of  ANALYTICAL  APPABATITS ;  oonfaining  aU  tlie 
S837  Apparatus  required  by  the  Student  for  the  QoalitafiTe  Anal 
any  substance  aooording  to  the  plans  reoommendad  in  "  Bose'a  ^ 
Analysis,"  and  similar  works.    Price  £8.  9s.  in  a  packing  case. 

Ck>KTBirT8.— Liziyiating  jar  for  solutions,  filtrations,  Ac     Foot  ^td 
German  glass  flasks,  from  2o8.  to  80ox.,  for  boiling,  digea&ig,  pvepant 
gases,  &a    Washing  bottle  for  washing  precipitates.    Gas  bottle  for  psvpaiisi 
gases  requiring  heat.    Gbs  bottle  with  flat  bottom  and  acid   fannel  fa 
hydrogen  and  sulphuretted  hydrogen.    Water  bottle  witii  tubes  for  filfiaf 
narrow  tubes,  or  supplying  small  quantities  of  water,    dark's  Retort  aad 
Beoeiyer  for  preparing  smdl  quantities  of  pure  adds  by  distillation.    Urn 
funnels  assorted.    One  hundred  ready  cut  filters  for  each  size  of  fanBsL 
Spirit  lamp,  with  incorrodible  wick  holder  and  suppljr  of  cotton  wid. 
Cylinder  with  air  holes  for  steadying  the  flame  of  the  spirit  lamp  and  w^ 
porting  vessels  over  it.    Jjarge  iron  ring  with  perforation  for  holding  twal 
reesels  over  the  lamp.    Hot  plate  for  dicing  substances.    Iron  treDis  for  di 
top  of  the  cylinder,  on  which  small  and  flat-bottomed  Teasels  can  be  pbesi 
Tinned  iron  sandbaths  to  prevent  the  cracking  of  glass  vesaela.     OrifflA 
support  for  test  tubes  on  the  sandbath.    Set  of  Bohemian  breakers  for  bal- 
ing, &c    Three  Clark's  test  glasses.   Porcelain  mortar  and  pestle.    Gbadaated 
measure  showing  half  dracluns.    Four  stirrers  for  mixing  liquids,  fte.    Tm 
watch  glasses  for  weighing,  eva^rations,  &c.    Hard  glass  retort  and  i«oeiwr. 
Set  of  Hessian  crucibles  for  fusions,  &c.    Four  Berlin  porcelain  croobles  kg 
fusions  over  a  spirit  lamp.    Funnel  holder  for  supporting  a  fannel  donf 
filtration.    Tube  holder  for  holding  test  tubes  during  boiling.   Blowpipe  vtt 
moveable  nozzle.    Lamp  and  support  for  the  blowpipe.    Betort  stand  wtt 
sliding  ring  and  extra  triangle.    Five  yards  of  glass  tubing.    BeiJin  pisto 
for  examining  coloured  precipitates.    Box  containing  fifty  leaves,  each,  d 
blue  and  red  utmus,  turmeric,  Brasil  wood,  acetate  of  lead,  and  starch  te^ 
paper.    Sheet  of  thin  caoutchouc.    Platinum  ci^sule,  platinum  fod,  asl 
two  platinum  wires.     Three  evaporating  basins  assorted.     Tweotj  )mA 
Gkrman  test  tubes.    Test  tube  stand.    Test  tube  brush.    Four  arsenio  toki 
for  reductions,  sublimations,  &c.    Filter  ring  for  supporting  a  paper  Stba 
without  a  funnel  during  filtration.    Pair  of  brass  tongs  m  trimmiBg  tht 
lamp.    Pair  of  steel  spring  tongs  for  holding  the  platinum  capsule.    Genoa 
silver  spatula  and  test  spoon.    Two  iron  spoons  for  preliminary  espeRmostL 
Pipette  for  dropping  tests,  &c.    Three-square  file  for  cutting  guas  tab& 
Berlin  porcelain  capsule  with  handle.     Two  Berlin  porcelain  eopa  kr 
ignitions,  &c. 
This  Analttioal  AppABATira,  with  the  addition  of  a  CoDeotion  of  pa- 
fectly  pure  Testa,  contained  in  24  Bottles,  for  "Dry  SidMtances,  and  Si 
Stoppered  Bottles  for  Solutions.    Price  £5.  5s.  in  a  padung  oaae. 
Labgxb  Sets  of  Akalttical  Apfasatus  for  Labobatokeks,  at  froa 
£20  to  £60,  according  to  extent.     See  **Griffin*s  Illustrated  ~ 
Catalogue,"  for  a  particular  description. 
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XETDTS  APPASATUS  for  GHEMIOAL  ANALYSIS  by  the  BLOW- 
PIPE,  oomprehendiDg  eretythizig  neoeesaiy  for  that  purpose.  Price 
iS2. 12s.  6d. 

Ck>irTBNT8. — Japanned  blowpipe,  brass  nozzle.  Blowpipe  lamp.  Sup- 
>ort  for  the  lamp.  Steel  tongs  for  trimming  the  lamp.  Twelve  tubes  for 
Sublimations.  Twelre  hard  j^ass  test  tubes.  Six  hai^  glass  arsenic  tubes. 
!9iarooalsupporta  for  reduction.  Charcoal  supports  for  fusion.  Two  holders 
or  charcoal  supports.  Steel  tongs  widi  platinum  points.  Two  pieces  of 
>latinum  foiL  Three  platinnm  wires.  Copper  wire  for  the  detection  of 
iUorine,  iodine,  and  bromine.  Tin  wire  for  reductions.  Books  of  litmus, 
nrmeric,  lead,  and  Brazil  test  papers.  Square  steel  anviL  Steel  hammer 
rith  cutting  edges.  Agate  pestle  and  mortar.  Lucifiar  matches.  Cotton 
rick.  Two  porcelain  capsules.  File  to  cut  class  tubes.  Albata  spoon  and 
patula.  Boxes  and  bottles,  with  a  supply  of  uie  following  re-agents : — borax, 
oda,  microoosmic  salt,  solution  of  nitrate  of  cobalt,  cyanide  of  potassium, 
litre,  bisulphate  of  potash,  gnpsmn,  fluorspar,  nickel  borate,  lead  for  cupeUa- 
ion,  bone  ashes^  silica.  Pair  of  japanned  tin  boxei^  suitably  divided  to 
ontain  all  the  foregoing  articles.  Packing  case,  including  the  whole 
tpparatus. 

TSTALLOGBAPHT.— A  Sbbibs  of  Om  Htjiidbsd  and  Twektt  Mosbxa 
of  C&TSTAL8.  Price  £2. 12s.  6d. 
These  Models  represent  the  most  important  Natural  Crystals,  both  of 
imple  and  complicated  forms.  Their  size  is  from  2  to  4  inches  in  diameter, 
rhe  material  of  which  they  are  formed  is  cream-coloured  biscuit  porcelain, 
rhioh  presents  the  following  advantages : — the  models  are  much  stronger 
ban  those  made  of  paper.  Their  edges  are  sufficiently  sharp,  and  tkeix 
>lanes  sufficiently  even,  to  permit  very  ^ood  approximate  measurements  to 
m  taken  by  means  of  the  common  gomometer.  They  can  be  written  upon, 
iiher  with  a  bhick  lead  pencil,  the  marks  from  which  can  be  eflhcea  b^ 
iidia  rubber,  or  with  common  ink,  which  is  easily  removable  by  muriatic 
kdd.  Consequently,  the  names  of  the  Crystals,  or  their  symbds,  or  the 
ingles  across  their  edges,  or  the  names  of  the  minerals  they  represent,  can 
«  written  upon  them  and  removed  at  pleasure.  These  properties  are  not 
KMsessed  in  the  same  deeree  by  models  made  of  glass  or  wood.  When 
oiled,  thev  can  be  cleaned  by  soap  and  water.  Fmally,  they  are  cheaper 
han  modus  made  of  any  other  materiaL 

Unless  it  is  otherwise  directed,  the  Models  are  delivered  marked  and  num- 
bered to  agree  with  the  system  described  in  J.  J.  Qriffin's  Treatise  on 
ChrystallQgmphy,  Svo.  price  98. 

QomoKwrwR  for  measuring  the  Angles  of  Detached  Crystals  and  Models 
of  Crystals,  consisting  of  a  graduated  brass  semi-drole,  and  a  Steel 
Index,  price  7s.  6d. 

ATINITM  CRUCIBLES,  wi&  Capsule  Covers. 

Heigbt  Width.  Content..  ^^^^^ 

1  indi     {inch  ioz.  14s. 

U  U  i  21s. 

H  U  i  80s. 

H  U  1  86s. 

U  II  11  Ws. 

2  li  2  60s. 
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FOBGELAIN  CRUOIBLES,  conical  form,  -vilih  Coven,  tlie  , 
compact,  not  liable  to  crack  nor  to  oolonr  by  any  ftK*»nWsal' 
but  UtUe  influenced  by  audden  changes  of  temperatnie. 

Price. 
4d. 
6d. 


No. 
000 

00 

0 

1 

2 

8 

4 


Heiglit. 
finch 1  inch  , 


.la. 


8d. 
9d. 


1 
1* 
li 
1* 


.la.  3d.      U 

.l8.6d.      2 


li 
li 
If 
2i 
2i 
8 


i 
i 

1 

2 

81 


POBOELAIN  CBITGIBLES,  with  Oorers,  of  the  same  mftterial  as  tin  1m^ 
cylindrical  form. 

No.  Price.  Heiprht.  IMameter.  GimtenCa. 

1      7d.      If  inch linoh ^  os. 

2      8d U  U        1 

LONDON-MADE  FIBE-OLAY  CBUGIBLES,  of  the  beat  manu&etnc, 
capable  of  resisting  high  temperatures  and  the  action  of  fluxes,  and  vrbidii, 
when  heated  to  9(ftenimg^  retain  their  compact  structure,  and  do  nol  beoonc 
vesicular,  form  of  fig.  178. 


.8  inches  high,  per  dosen  £0  14 

4        —               —           0  2    8 

4|      —               —           0  2    6 

6        —               —            0  8    0 

,6i      —               —           0  4    0 

6        --               —           0  6    0 


6|  inches  high,  per  dosea  £0    6  9 

7  —                —  0    8* 

8  —                 —  0  12   S 

9  —                 —  DUO 

10      —            —  1   1  a 


Ooyers  are  the  same  prioe  aa  the  GruciUeB. 
SKITTLE-SHAPED  CBUGIBLES,  London  made,  refraotoi7  fix»-elaj. 


8  inches  high,  per  dozen  £0  16 

4  —               —           0  2    6 

5  —               —           0  3    0 

6  —               —           0  3    6 

7  —               —           0  4    6 
-8        —               —           0  6    6 


9  inches  high,  per  dosea  £0    7  0 

10  —             —  0  10  a 

11  —              —  0  It  « 

12  —              —  0  17  S 

13  —              —  110 

14  —             —  16a 


BLACK  LEAD  CRUCIBLES  and  COYEBS. 


No. 


Perdos. 


Per  dot. 


1 £0    2    6    Covers  £0    2    0 


X... 

2... 

..0    6 

0 

3... 

..0    6 

6 

4... 

..0    8 

6 

6... 

..  0  10 

0 

6... 

..  0  12 

6 

7... 

..  0  16 

0 

8... 

..  0  17 

6 

lO.., 

..11 

0 

12.... 

..16 

0 

16... 

..  1  17 

6 

18.... 

.2    6 

0 

0    3  0 

0    4  3 

0    6  9 

0    7  0 

0    8  6 

0  10  0 

0  11  6 

0  14  0 

0  17  0 
110 

16  0 


No. 


Ferdos. 


20    ...£2  12    6    Corera  £l  10  0 


25.. 
30.. 
86.. 
40.. 
60.. 
60.. 
70.. 
80.. 


3  3 
.40 
..  4  10 
.66 
.  6  10 
..  7  16 
.  9  0 
.11    0 


90 12  10 

100 13    0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1  16 

2  2 

2  10 
2  17 

5  10 

4  6 

6  0 

5  10 

6  10 

7  0 
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TRXAJIGULAB  CBUGIBLES,  London  made,  refractory  fire-daj. 
1|  inohes  high,  per  groBs  £0    4    6 
2         —  —  0    6    0 

2i        —  —  0    7    6 


No. 

00 

0 

1 

2 

8 

4. 

6 


Price.      Diameter.  Contents. 


£0  0  6 
007 
.0  09 
.010 
.012 
0  14 
.018 


2* 
8i 

4 


2  OS. 

2J 
3 

4 

6 

8 

10 


3  inches  high,  per  gross 

£0  12 

0 

4 

.-. 

— 

1    1 

0 

5 

— 

— 

1  16 

0 

■AN  POBCELAIN. 

No. 

Price. 

Diameter 

.Contents. 

6     . 

..£0  2  0 

..     6 

...  16 

7    . 

..026 

..    7i 

...    Ipint 

8    , 

..086 

..    8J 

...    2 

9    . 

..060 

..  10 

...    4 

10 

..080 

...  12 

...    7 

11    , 

..0  90 

...  14 

...  10 

12     . 

..140 

...  154 

...  18 

Xn/TBRING-  PAPEB,  prepared  with  care  from  the  purest  materials.  Per- 
fectly free  from  plaster  of  Paris,  chlorine,  smalts,  and  other  common 
impurities.  Pilters  with  nmidity ;  contains  no  soluble  matter ;  and  giyes 
only  7^7  of  its  weight  of  ashes. 

Demy  size,  18  by  22^  inches,  per  quire.  Is.  3d. 

Out  into  Circular  Filters,  and  sold  in  packets  of  100,  as  particularised  below. 

FUNNELS  for  FILTBATION,  of  Glass,  so  formed  that  the  rertical  section 
is  an  equilateral  triangle,  whooh  adapts  them  to  the  shape  of  a  phdn  filter. 


jm/HJSB,  BOXES,  made 
adapted  to  the  se?en 

CIBCULAR  FILTERS. 
Dismeter  in  Price 

Inches.  per  100. 

2    Of  Sd 


of  japanned  tinplate,  round,  with  oover  to  lift  off, 
I  of  Ciroular  Filters,  of  which  each  box  holds  200. 


2i 
2f 

^ 
H 

7». 


FUNNELS. 
Diameterin  -ow*^ 

Inches.  "**• 

1  Of  Zd 


u.. 

1* 

2  

a* 

8  

4  

6  

8  

of  700,  4b.  6d. 
7,2s.  8d. 
7,4s.l0d. 


FILTER  BOXES. 
Diameterin 
Inches. 

24 

8  


Price. 

Of  4/ 
0    6 


Oircular  Filters^  per  set  < 
Funnels  — 

Filter  Boxes  — 

The  articles  in  the  same  line  in  the  above  table  match  with  one  another. 

FiLTEB  Oases,  adapted  to  contain  700  Oircular  Filters,  cut  ready  for  use, 
namely,  100  each  of  seven  sizes,  as  above,  from  2  inches  to  7|  inches 
diameter,  each  size  of  Filter  behig  kept  in  a  separate  receptacle,  the  whole 
closing  with  a  common  door,  secmred  by  a  snap.    Japanned  tinplate,  9s. 

Ditto,  filled  with  700  Filters,  18s.  6d. 

FUNNEL   HOLDER  of  polished  black  wood,  the   arm  moveable,    and 
adapted  £»  Funnels  of  all  sisee,  Is.  6d. 
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ALGALIMETSBS,  or  aBADUATED  FOUBSXS^ 

700  gnins  divided  into 100 

XOOOgrwnB  —    100        — 

GOgnunmes     —    100        — 

Or  any  other  Scale.    Price  7b.  6d.  each. 

The  gvadoalion  of  the  above  is  effected  hj  the  aid  of  miiiJiiiMij,  and  iti 
aoeuraigr  xnaj  be  relied  oil 


^ti 


BLASnKa  of  BO0E5.-^Oahan]c  Baiteriee,  with  fine  iJiriiiHfm  «ii^ 
;  iabhee  in  diameter,  inimlated  oopper  vrire^  and  eroj  nenaiaiUi  fior  tb 
Ating  of  Bocks  hy  galyaxdc  agenqj,  £18  to  £90. 


FLASKS  for  maUng  Sdlntiona  of  Metela,  Ac,  of  Gettam  ^tma^  o^aUa  d 
fetanding  sudden  changes  of  tempenture  without  orackiiig. 

CSontents  4  oc 4b.  per  dos. 

—  6— 4b,     — 

—  8— Ob.     — 


—    12— 8b.     — 


16  OS. 10a.  par  dos. 

aO— 12a.      — 

SO  — 15a.      — 

40— 24a.      — 


GAS  FUBNAGES. 
BnacnraTON's  Gab  'PxraxAOS^  espeeiaUy  adqvted  for 
large  8ui£soes,  and  for  heating  orumbles,  as  it  Tielda  a  large  body  of  flan^ 
free  from  smoke.    Frioe^  with  stand  and  crudble  jacket^  9b. 

HoFniAir'B  Gab  BirsirsB^  comprising  Aigand  Bmner,  BIowpuw  Jet,  aad 
Wire-gauxe  Ilame  in  one  instmSieDt,  and  adapted  for  aU  labonteiy 
operations,  18s. 

CAST-IEON  MOBTABS,  beH-shaped,  tmnied  inside,  with  Peetlae. 
4  inches  diameter £0    2     O 

6  —        —       0    8     0 

7  —        —       0    6     O 

10      —        —       0  12     O 

12      —        — 1    0    O 

BSBLIK  FOBGELAIN  KOBTABS,  with  FeaUes. 

3J  inches  diameter £0  2  O 

44      —        —       0  8  0 

6i      —        — 0  4  0 

KETOBT  STANDS. 
Bbtobt  STAin>,  with  square  iron  foot,  rod  11  inches  Ions  faj  |  nw^ 
diameter,  and  three  brass  rings,  8  inches,  2^  inches,  and  1  (  ini^Mif  a 
diameter.    8s. 

Bbtobt  Stand,  with  flat  oval  iron  foot,  rod  20  inohea  kms  hj  ^  iatk 
diameter,  and  three  solid  ironrings,  2  in.,  8  in.,  and  4iin.  in^ameter.  U, 

ABGAin)  SPIBIT  LAMP,  with  circular  wick,  having  all  the  impioreoMato 
of  Berzelius,  Mitscherlich,  and  liebitf^  wiUi  support^  <<n"«*TMng  of  i«d 
and  foot^  two  retort  rings,  cnidUejacSet^  and  one  domwioks.    Mf 
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SG^AITD  SPntIT  LAMP,  with  tlur«e  ibet  and  lla^cQe;  &r  e7apo»d<m« 
digeeting,  and  as  a  general  source  of  heat  in  those  oountriea  where  spirit 
is  cheap.    Three  sizes  (see  General  Catalogue,  fig.  506),  15s.,  2l9.,  and  SOs. 

:P£CIFIC  GRAYITY  bottle,  in  japanned  tin  case,  with  counterpoise. 
No.  1 Contents  1000  grains £0    7    6 

—  2 ^        500     —  0    6    0 

—  8 —        250     —  0    5    6 

DSKBMOMETESS,  with  Fahrenheit's  or  the  Centigrade  Scale.  The  Scale 
written  on  milk  glass,  and  sealed  with  the  thennometer  stem  in  a  |;lass 
tube,  so  that  the  thennometer  can  be  completely  iipmersed  in  a  healing 
fluid  without  any  injuiy  to  the  scale.  The  mercurial  tube  has  tijlal  bore^ 
-which  renders  the  position  of  the  mercury  more  distinct. 

Bangefromabout -40  to +212° £0    8    6 

—  —        -40  to  +300   0  10    6 

—  —        -40  to  +600    0  16    0 

TSST  QliASSES. 

TxsT  ■  Glass,    Clark's   pattern,    conical,   on  foot,   contents   one   ounce, 
height  8|  inches,  width  at  mouth  2  indies.    6d. 

Tbst  GlabS)  cylindrical,  on  foot. 

Price.                     He^bt.              Width  at  month.  Contents. 

Is 5i        1^        4oz. 

Is 6i        U        8 

Is.  6d 7          2^        12 

OBGA5IC  ANALYSIS.— Combustion  Furnaces,  and  all  the  apparatus  and 
materials  for  the  ultimate  analysis  of  organic  bodies,  and  for  the  estimation 
of  carbon  in  cast  iron,  and  similar  operations,  will  be  fonnd  described  in 
oar  General  Catalogoe. 

THE  HEIDELBSBG  SITBSCBIPTIOK  COLLEOTIOK  of  BOCKS  and 
FOSSILS,  prepared  under  the  superintendence  of  Professors  Lbokhabd 
and  Bbohv.    Seyeit  Hukdbed  Specdceks. 
The  size  of  these  specimens  is  9  square  inches  $  each  specimen  is  accom- 
panied by  a  printed  desoriptiye  ticket  in  Bnglish,  French,  and  German,  and 
there  is  a  pnnted  Catalogue  of  the  whole. 

Gh-eat  labour  and  expense  haye  been  incurred  to  ensure  for  this  Geo- 
logical Collection  the  character  of  unusual  completeness  and  usefulness.  It 
contains  not  only  a  collection  of  well-characterised  specimens  of  all  the 
Books  and  Fossils  of  most  frequent  occurrence,  but  also  specimens  of  great 
rareness  and  excellence,  including  complete  suites  from  the  Paris  Basin,  the 
Vienna  Basin,  the  Tyrol,  from  Sicily,  North  America,  Brazil,  &c.  The 
names  of  the  specimens  being  given  on  the  authority  of  those  eminent  Geolo- 
gists, Professors  Leonhard  and  Bronn,  may  be  implicitly  reUed  on,  which 
giyes  a  high  scientific  character  to  this  Collection. 
Messrs.  JoHir  J.  GBOTur  and  Co.  haying  been  appointed  bylhe  Heisbl- 

UBO  MlHEBAL  INSTITUTION   tO  bc  their  SOLE  AOXHTS  in  BNCUiAin), 

sro  enabled  to  oflTer  this  Magnificent  Geological  Collection  of  Seyen 
Hundred  Specimens  for  the  low  pfioe  of  20  guineas,  dehyered  in  London 
free  of  expense. 
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ELEMENTABY  OOLLEOIIONS  of  MINEBAL8  sad  BOCKS  a 
CABINETS. 

The  following  Collections  are  recommended  to  those  who  are  Gommoiai^ 
the  stadj  of  Bfinenlogy  and  Geology.  They  are  all  contaiaied  in  handnx 
polished  Mahoganj  Cabinets,  opening  with  aoors,  and  containing  mafaogBr 
drawers.  Every  specimen  is  placed  in  a  separate  pasteboard  traj,  covend 
with  enamelled  green  paper. 

Size  of  Specimens  about  three  square  inches. 

Cabinet  of  100  simple  Minerals £2  12  6 

Cabinet  of  100  Bocks  and  Fossils  2  12  6 

Cabinet  of  150  simple  Minerals  4    4  0 

Cabinet  of  160  Bocks  and  Fossils  4    4  0 

Cabinet  of  200  Minerals,  Bocks,  and  Fossils 6    5  0 

ELEMENTS  of  MINEBALOaY  and  GEOLOGY.  By  Professor  ScHasBLB. 
Edited  by  H.  Medlock,  F.C.S.,  Senior  Assistant  m  the  Boyal  CbQ^  d 
Chemistry,  London.    Illustrated  by  128  Woodcuts,  2b.  6d.  doth. 

LABGEB  COLLECTIONS  of  MINEBALS. 

Two    Hundred  Specimens,  size  4  square  inches  £5  6  O 

Three  Hundred  Specimens,  size  4  square  inches   ./. 7  7  0 

Four  Hundred  Specimens,  size  6  square  inches 14  0  O 

Five    Hundred  Specimens,  size  6  square  inches  20  0  0 

One  Hundred  Specimens  of  Mbtallio  Obss,  8  sq.  inches     4    4    0 
Ditto  ditto  4  sq.  inches     5    6    0 

TECHNOLOGICAL  MINEBALOGY:  a  Collection  of  Two  Hundred  Spea* 
mens  of  Bocks  and  Minerals,  arranged  in  Classes  according  to  the  uss 
to  which  they  are  appUed  in  the  Arts.    Size  6  square  inches.    £5.  5s. 

COLLECTION  of  FIFTY.FOUB  MINEBALS  for  BLOWPIPB  EX- 
FEBIMENTS,  in  a  divided  Box.    10s.  6d. 

COLLECTION  of  EIGHTY  FBAGMENTS  of  MINEBALS,  witli  aliiL 
In  a  Box.    6s. 

COLLECTIONS  of  FOSSILS,  from  100  to  600  Specimens,  acconMr 
classified  and  named. 


All  other  articles  required  by  the  Metallurgist  for  Assaying  in  the  Diy  nj* 
or  for  Analytical  Frooesses  in  the  Humid  way,  are  supplied  by  ] 
GsiFFiK  and  Co. 


•^*  Export  Ordert  executed  toUk  promjitttmde. 
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STANDARD  SCIENTIFIC  WOEKS. 
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A  Tl'r.ATl-''    <'N'  K;  T.C  i  d- ►-"•1 V.  i  AI.LriaJY",   containing  uii 

tl|.-  «.,^-t   i-  ,•.;•  .v«>  1  ui' th.-ls  <  I   I'-'   '-.Ji.ir  <:o!»por,  ►Silver,  Gt^Ul,  .mi  .i";'     | 
M.'ia.,,  l.^-.lAMi.-  NArn  It,  J'.s-i.  1  .O..^.,  with  Num.TOiidlUus^tr.uiins-"^**'^  ' 

^^  \  XI']'  \/   rrri'.s    ^  ":;>  ?rAC'TiTNi:KV. 

nu:  KNCVtl  m!M  DT  V  ni    \l.l^.  ^'  \>n'ArTrTM:S.  nml  :>!A('in\"^'.'i. 

I,'-  J'l-u,".--.  )!•  I'vii.ow.  Vyitli  Ml.  Ii!ti-iM!,u-t«>rv  DJvSiTtation,  by  i*r.^^-*•^• 
lUI;nA(.I;.  A.  A-  K-liti  )n,  illii-tr:it»'l  by  «7  i^j^Vs  of  Kugravhigt  by  L«.  -n- 
•ll  .,  -JiS.  .in'.:':.rr!';'  ■•'■■tli  "m  .i.   /. 

T.IK   i:X<:V(M.f)I';  [)[  V   or   rn;!'    ni ATIIKMATICS,  compel:.'    liTi^,' 
."  ..iijil.  t.^  <;•'  i)->  •  "i"  M-iti.  •iii.'itli-ii  S(  i.:iic'\     By  Pnilo  -ors  Aiky,  Pau] 

aiil  1>K.  I'CAC  <).  IL,  I).;.i:i  .'■!  Ely.    Wi.h  17  Jj.Lrmvinu.^,  £i  lls.Gd.  h-li  T.^ii.  I 

XA'rrr.Ai.  tiisi'oky. 

IIJ.rsri;\TI')\S  <>l-'  Zunl.oiiV:  ;i  <;''ri<'-  of  Nit:p:y  I',ii:rnivinjrs  ■.■*  'T-.rr- 
'i '.  ;;  .■.•  :io  Hit  1"  '••  1'  :  w-  •>  t>l"  (,Mui  i-.-um  .l-.  llird^,  Ki>li.  Inject*,  lu.il  i»ortik«, 
■^  -i  .I'-'l  \>v  S  iv\-.'.-'i>-.  rixa.-.  L,'H'i-e.'i\  »5y:c..  aii  I  t\inMVv  I  by  I.'"»wr/  ».  oi 
li:i.-  Lm  U  •  T,  wit'i  ■'i.'-'-i->iti')ii^'.-'l'Ttcii  iroiii  the  aru-'le-  coiitrib-r*;>l  :  i  j 
t'l'^  I'Mrv-'In-..'  lii  .M  •!!  ....I'ifiM'i.  bv  .1.  r.  South,  F.L.S.,  J.  E.  i;rav,rX.^.  J;  . 
.c  •..  ^m:lli  loli'S  £1  I  U.  fl.l.  Cloth,  /lit  0'!.;.^.  >!: 

A  Tn'^ATNT,  on  r;i;-   A;.i.lir:i{i  .-i  i.f  t!'-.*  Cii.Mnical  Ch-ui'^cs  pro  Incvl  b;  ^ 
S'.l  '.r  ili.liifi'.  •  t'.  I'lf  [M-..ilii.-'i.  i!  ci"  l*,'-»un-^  from  Xiiturt' — enil.r.irinr  t'» 
i)A(H;i-:Klii:or\I*]:,   CVLuiVPl.,   a-,  l   nU  tnc  i.iji.li^.icd  l'hot..pr..i.ii 
i\-    "'-e>.     liv  i:  •:;.  !.i   iiiNi.   K-'i-   I'i"f'-->r  "f  .'K-r  i  ni.-al  >r!c  ..v  iz  i 
t.i    Mu.'A-'im  of  i'lM  .  .ai  Gv'ol  >.-y,  01  En^.i-asiu-r.-,  cnnvii  ^vo,  a-,  i-loth. 

roi'i'iiVr   rNr'N'>nT'crioN  to  tiii:  sch:nci:s. 

TIIM  i'.niiK  or  NATl  llV.,  i\  Cnu.n-l  iM.-ivi^  Intro  iPA-tionto  t!u- N  \iTnAL 
;i':  I  I'liY^KM,  S(  iis(  K>,  ilhi-liM*  •■!  by  iiur:.  nms  Kn-j.-iiA  inc*.      I  r-'-.a  th 
'  i.  ••.•".  \n.-frr  f.  ^(  n  .'di  ri:.  tr-'M  I  •.^-■"l  by  J  I-  nuy  Mi:i»i.orK,.*^.-u:.-T  A?- <-  J  j 
:i:it  ill  ti;.'    b'-.vd    (  <  .i     .    .,;'  v'".- i  ■-irO,   a:  il  A.--i^taiit  Sec'Mury  of  iL'  j; 
i  A  •..  .Ml  S.. -i-v--.    V\  irii  <•  ,inv),- •!.  ..-J-. c  (ii<l--x.,  i.o=;t '^v-)  '>lothi*x.tn.,l<»3w»»i   [• 
TlN'^f    Ul'N  ISIi"'!s  —  I'm  M.  >,    A-j-it  '  »i>MV,    and  Cni.Mi-STKY.     i'oil 

.•  ■.  .'TO-  -.!'•.'"'■  -v..       ..  -,  .•!■  th  ."  !'-a.     .'/-. 
<:.''<)<:>    J)I\  !s[.)N  — 'ii.si    M- <.    v.    ni:i)i'>';r.  Tm'TANV,   PMY<rnv 
ic;.vl  Zui.Louv.     J.^  v^.ii.i.-.  i.i  j.M'  'A  >  .l-ciit.-.,  i.(>:^t  s\.,,  eloth  t^xtra, .' 
- .    -  ^     '    -  .    .  .'^-  ^.  -  ,    -  V  -  «^r-^r     \ 

•    ■  ■y'-'.-":'^ 
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